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ABSTRA_

An amalysls of the Lunar Orbiter Pic_are Da_._ System performance has

been made for both nominal and off-nominal values of si_iflca_t

voriables. }_dulation transfer functions and si_nal-to-no!se ar_10_si_

of the individual and combined optical, photographic, and electronic

cc_p_onents have been used to assess their characteristics and effects

on the resolution capabilities of the system. Variables s_adie_ to

or ...........the _casis for deteinninlng their effects or _zau.on_ on _

system include those related to orbital parameters, the l'0m_r sure,co

heinz photographed, the observ_tlonal geometry, the envirop_m_ent_l faetor_

of ionizin_ radiation and meteoroid flux_ _ud t.he co_Licatlo_ _.

N_nitorir_ techniques for control and calibration of the photc_ra_hs are
described. _n.ese factors have been analyzed to establish the capability

of the system to produce photographs of the specified resolutlon _nd

q-'_!ity. Tt is shown that 1 meter surface resolution specification can

be met by the high resolution camera on-o-xis from the nomir_%i altitude of

Km and a sun angle between 50 ° and 75 o. Resolution __ll be de_raded

to less than 2 meters at the field edge. The io_ resolution requirement

of 8 meter surface resolution __ll be met under favorable conditions.
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c._hefunction of tho Pic_r_ L_t_ Syst_ is to produce d_ilcd _.hobo-

gzaphs of specifiad areas of the lunar surface. _ae fidelity of tho

_notcgraphs and their suitability for extractim8 the required Infor-

zation are the primary measures of the system's ca c_bility, its 1_uct___u

requires formation of an !za_e and its sequential try.nslation into fo_

__:':_.b!o fc:: each step of the path extending from the !'_-nar _fa_ to

'd:_ photo_j_ph beim_ examined by am inte1_reter. This is s_

sch _amatica!ly in Figure 1. Each translation and step. _.p_oses 1__!mltati_au_

on the amount and type of Information, may modify or dA_tort it, ana _y

introduce spurious sisma!s and molse.

'_s documont examines the si_ica_t factors which !ufluence _erferm_ncm

of the pictu_ data syst_, _.ud assesses their effects on system eap_oillt y.

2_u omal_zsls has beau made of the operational characteristicz of th_ o:_tam

components u_dmr both nominal and off-nominal comdltiozs. This prob'_des

the basis for est_bll _shiz_ the limitations on the cap_oilities of th_

s_tam to produce pho_phs of the specified resolution and qua!i%yo

• __ne f_-st _;o Sections _ize the effects of variables_ the firzt

for n_ conditions and values of the vari_b!es, _nd the second for

the off-momlmaA cases. The Sections which foll_ pres_ut the d_d

analyses _aich are the basis for the system ev_luatiC_o

The ana!_is included in this document has been the responsibility
cf _.e Boeing Cczpany. _ne contribution of basic d_ta by Eas _tma_

F_dak and RCA on their respective subsystems is acknowledged.
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1.O

1.1

Nominal Sys_am End-to-End _-_!yOiS

The image of the lunar surface may bc considered as a si_i

vhich is received by the c..ume_ col!ectin_ optics, i_n-zmd om

film and subsequently converted into forms compatible with

transmission to and reconstruction by the 6rou_ud equipment.

Since no elene-nt or function can attain absolute fldelityof

output to input signal, a progressive des_dation of _ue

signal occurs as it passes through the system. The elements

in the data chain n_y alter or distort the signal and they may

introduce spurious values, or noise.

_ne relationship be_;een t_he signal and noise is of =_Jor

concern, since differentiation bet_-een t_he two is essential

to the transfer of useful info_ation. The signal to noise

ratio, then, becomes a major criterion in defining the capz-

billties of a system to transmit usef'al information. _is

section contains an mualysis of the sig_m.l and noise rel_tion-

ships throughout the system under nominal conditions.

Block D_.agram

Because the s_tem operations are, in general, sequential, the

signal changes an& noise contributions usually are additive.

Transfer functions, which are quantitative exp.resslons of the

effect of a _youam element on _he signal, prove_de a means of

examining si_-al progress through the s.vstem and the individual

and combined effects of the elements. For the purpose of

analysis, the target m_y be considered to consist of a series

of bars varying sinusold_lly in brightness_ with constant peak

amplitude, but _rying in spati_-l frequency. Ideally, the

system shou_Id respond with a sigr_a! of constant _ak _mpllt-adc

over the r_uge of frequencies presented, in practice; ho%-cv_c__

the sigr_l amplitude ";Ill be modulated as some _anction of the

frequency_ uraally decreasi_4_ _ith increasing frequency. _iz

is, to simplify, the transfer _anction. In addition, noise is

added to the signal as it passes through the system.

A block diagrams rc_resentin Z the signal and noise _o_ of the

Pic ,tuzre_ta Sys_em is shove in F!gu_-e 1.1-1. The c_ blocks

represent those comp.onents or functions _Fnose effects co.u bs

expressed as tr_/_sfer flluetions. __ne hatched blocks re_rr_e_ez-_

sources of noise __thin the s_tem. The Smear and I_el! f_.ct.or '

blocks do not represent physical hardware, but a__ !%_ucticr_s

having a determinable effect on the system capabilltv° _e

densi+_ome_er i_ not a pa._t of the Pictua-e Han_n_ Sy_t_-m_ _-'t

is used in the analysis of the photographs to provide quant!bativ_

e_raluation _u p_lace of ._ubJective visual asses_t.

......_.......,_ __c. ,_o.iC};__ -_
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1.2

!.3

1.3.1

A_oum?. %fon_

The foi!cwlr_ assumptlons are mn_:

m Scene contrast ratio Is 3:1 This co_espond_ to an Init±_!

signal modulation of 0.50. ,

_/e film is exposed to an average density of 0.8 in th_

vicinity of the center of the flel_.

S_near is negligible

Nominal System Performance

The nominal system performance is based u__n +,he system _i_h_

design values for those parameters t_hat are subject to variation.

Variations in these parameters from nominal are ama_.ed im

Section 2.0. Data given is for the on-axis only. Off-axis

conditions are analyzed in Section 2.1.2.

iu .kv i 

The signal analysis through the system is presenter ia termz of

modulation transfer functions (_F). An ][EF can be determine6

for each element of the system and for _J_e total system. A re;_-_'_

of the meaning of the modulation transfer function is give_u _

Section 4.1.

Figure 1.3-1 shows the combined lens-film transfer _ancticn.

The data is from the Eastman Kodak Technical Proposal for

Lunar Orbiter Project and represents laborato_--y meastu-em_nts.

Figure !-_3-2 shows the transfer functions of the contributir_i

ps_-ts of the scamaer, i.e., sl_t _ud scan lens (combi_.,ed) an,i

_deo amplifier. Lucluded Lu the -_deo amplifier re_ocns_

c_t_-veare 12 db pre-emphasis _th a first br _eak point of 20 I-_c__3

and the filter characteristics required to achieve toto_ Dhot3

subsystem roll-off of -25 db &t 270 kcps am_ -hO db _t 390 kc_.._s.

Figure 1.3-3 shows the data _ transfer 9_nction.

Figure 1.3-k sho',_sthe v_-riouc components ef the GP_tr_nsfar

function including the Ke!l factor. The _ell factor is a

statistical function derived from sc.-_p!/-_ng=_aec.x_Jas _iic@.

to the q_uantizatlon of i___ormztion in _Cae dlrectionuper-:endic_'-iar

to the scan lines. The MIF includes the Re-emphasls network to

* GRS - G_ound_ _cconst-_-acticn o_°-_....._._

G._E - Ground Reconstruction _i'u_._-_-__"'......_"

_-_0293-!
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1.3.1

1.3.2

(cont_ea)

compensate for the pre-emphasis in the spacecraft. Figure 1.3-5

shows the transfer function of the densitometer.

In using these response functions to permit tracing the actun!

signal _ough the system under nominal condltionsp it is neces_y

to convert into the proper terms at each state; e.g., from pcrce_t

modul_tlon to log E; to transmission on the film I to volts for

the scanner, d_ta link, and GRE response; to exposure (at the

kinescope) for the GRS film; to transmission for the densltometer;

and to volts at the densltometer output.

I

f_

Figure 1.3-6 sows the relationship for converting from illumi_atic_

(E) to transmission for the spacecraft film. Figure 1.3-7 shows the
conversion from illumination to transmission for the O_ fi!_.

Table 1.3-i shows the calculated signal levels at each step as the

signal is traced through the system. The scanner and denslt_met_

responses are given in volts per unit transmission and have the
dimension of volts.

Figure 1.3-8 shows the signal levels at the photo subsystem output

and at the d_sitometer output.

Noise Analysis

The noise analysis is performed on the "oasis of noise density _

spectra in order to assess the effects of transfer fu_nctions of

the portions of the dat_ llnkwhich follow the noise sources. _
All noises are assumed to be gaussi_u, or '_hite" at their saurc_ .......

as shown by,heir location i_Fi&_Lre I.i-i. The exception _o T2is

is the phosphor noise' This actually consists of two components;

beam current fluctuations s_S phosphor _r_nularity and non-_o_._i

The division of this noise is not known at this time; thez_for_

it is assumed to al!be due to beam current fluctuations. In _y

event, the contribution of this noise source to the P_ total _s

negligible.

The P_ granularity noise of the spacecraft film is calcu3_d

from the empirical formula:-

- .07 -
This formula applies for measurements made with a microden_i_mete_-

with an aperture diameter of 5 microns. Assuming the power density

spectrum of the noise is flat (Stulz and Zweig) and as_ing an

ideal densitometerwith response as shown in Ei_re 1-3-5_ the noise

density is O.56_ (I/_n) _ in terms of density,

*_ne noise den_ty spectra is the distribution of noise _ a _chi-_n

of _re_uency. Units are vo!tsl(iLuesl=)ll _.

, REV L"rR

U3 4200'2090 R_.V. 4/@4,

......_.._;_-_ _/V,_ ! _c.
I_.z0o_93 -!



O )

1-0 ,

O.'l -

0-0_
0

U3 4.2BII 2000 R_.V. 8/G2

i

,o

,, J i

| " , , , .... ,

I

n

I ! . I I !_ I
6o

t ! ! 1 ._
80 zc,o

__ _ .

rZG;m_ ].-3-5

u

q

m

m

,,,,,4

2- 5: _jl',_2

REV SY.,_ ,
' J SECT.

I)2 -I_X?_93 -l

J PAC_. 2J,.. _



,,, ,|, , , ,

1.0 I " ' i I I

m

0.0:

-1.2

-71
:i
-i

i
I

! I , "t 1 l
-l.O _.8 _.6 _._ _.2 0

LOSE

READ(XP_ _SSS_(_ VERSUS LOG

t
!

J

i

-i!

I
t

C '

U) 42_,: 2_O R_'V. 21/¢,,4

REV SYM
PAC_

_-10C293 _

22



i ....... •
)

s i ......i m

•+,,

o

,B

11

=m

F ,

I I

i

. . • • . :

i,

I I I

d
UOiI$1.UISUOJ/

"l i i I I I I I '

! I + . ,l,.

Assumed sensffometric p¢operlies, Type 5374 film.

Figure t.3-7 : ",

0

lO c:-" "_,

i
t
L

q'

u_ _ z_oo R_V. O/&2

REV _M
'_-/'_"_:_ I NO. ,,_-_3-i

•sECT. i i_A_ 23



3

3

i.O

0.i

0.0!

U] _2_ 2(k_0 RE:V. _3/82

SIGNAL VZRSU3 L_-q_ PE_ _

I_IGURE 1.3-8

m

- I
" 1
. !

-- !

i

i

I
!

i

!

I
i
|

S
I
|

I

i
I
i

3
REV 5YM

]

i̧ __ !No. _-_--



" ....._ .....Calculated S-igmal'_Leveisat Each Step _n'System," 1/2 M Effective Aperture

©

.5o0 .2"m .19_

.1761

- .763

i.ooo

7.233

G_S_

.......... , . -,

1.000 .o39

0 •VOL_S

-._ .,.y.8

•ST_ •511

.193 .I13

-._o7 -.o72



D

E+ _RS_

L_. GRS _

E_' (ms ov/_

/_ T GRS(XP/YJT

DENSITCI_E_R RESPC_SE

A v _E_sI_

0

._FT

.139

.056

.385

.329

1.000

-3_

2o

.500 ._ao

.200 .235

.097 .123

.283 .2_o

.186 .117

•97_ .913

.181 .Io7

6o 80 IOO leo

.26_

.i_8

.214

.O66

.818

.0_

.282

.161

.199

.038

.690

.o26

.e99

.174

.186

.012

.007

.3O7

.307

.182

.182

.o0o

._"

0

UNi_

F._ l

!

_Y_S

VOL_

.

© ©



-,Q

©

1.3,2

U_ 4288 2000 RKV. 0/62.

StDCQ

D=I_ 1
T

a])a-"_T= 2.30_T - _D " "3_9

aria the noise ae.nsi_ _,, te=m o_ tr_ns_sslon l= .2_ %/(1/_)}.

Tne granularity noise density of the _S f/!m is calculated in

a similar manner. Table 1.3-2 shows the cm.lculated noise density

at each step an_ the RMS value of the noise. For the _urposa
of calculations, the pre-emphasis and ae-emphasis are assumed to

to result only in a re_uctian of the communications subsystem
noise.

_J

SECT.



I
0 20 _o

FRL-_,,_d_YRECORD

Do - 0.75

} -.: . ._-

1
|

"j

FII_,INOISE AT S_ 01P_mJT

P_0SPHOR NOB

SKOT NOISE

TO_fAL NOISE AT SCA_

T_YA4L NOISE AT FILTER O_

CC{;2,_CATIONS SUBSYSTEM

PHOTO Sb-gZYS_I4 NOISE AT
CCi,2,_TICArIOHS _T

C_,_CATI0_ SUBSYS_ NOISE

T0%oJ_ NOISE AT C0_4DNICAT!ONS

_JT

G_S__

NON GRS NOISE AT GRS GUT_

(_s_O_c_ NOZ_o_zR..u_m_RECORD_

ITOTAL NOISE ON P?_q_4._Y

__%_,_SSION NOISE E_NSITI

PP/],%_-RYREODRD

.OUTPb_ .

5E_ NOISE - DENSIT_X2TER
O_UT

18.3

I.OO

1.00

_.3

1.000

23.5

.0081

.0o8_

o .
_--r_ --e

.003_6

1.000

8._B3

17.3

1.00

17.3

'i.00

17.3

7.88_ ] 7.233
1

16.z I

I

6.375

13.o

z.z -7

0.8

_._83 I_-_3 my

" i=/i

1.0 -9

.9_ .rot

_.I_ !8.0

._ .'mT

9.6

.056

o.5

.0_'

i_.8

0.7

I_.9

1.00

16.1
I

1.00

16.z I
i

_-9

12.0

0

0

I

t
t

0.0 l.tT'J'/ ]

I_-9

I

1.00; 1.00

!

!

3-_ ! 3.o
I

16-5 ' 15.1

t

2.8

6.3

i.oo0 .9_I ! .837 .'TI.% .635 .5T3

18._ ',z_._ i 12.6 8.6 _.o o

._:a£ .oo._ .oo_@

!

.0O279; .oem_ I .ooe_

.oo_ i .oo_9 o

!

.oo377!.ooa68 .J,. i

.OOLIO. OCC,_

, !

i_:t"/ ,_.I

/ j

.9_7

.oo_

.9131 .818

• .oo165

[

.Cell VOL_-_

.ooc6_.o01o6

VCL_

i --T , i_'_,,i">' )0 _? ;

"A'

_4"_ i_

, _,./ #

t I'¢0_ _ lO.-.:_ c: _-.i,



))

9

1.3.3 Sismal to Noise Patio

From the data in Table0 1.3-1 and 1.3-2, the _eak-to-penk _i_nal

to _ noise ratio at the densltometer output may b_ c_lculn_d.

This function is plotted in F_e 1.3-9 and epplies to the cas_

of test bars hav_ a slnusoldal brightness distribution (sine

wave bars) and a densitometer with an aperture diameter equivalent

to 0.5 meter at the hmar surface.

When usi_ a test target consistlug of conventional _ers (squ_e
wave bars}_ i.e., sharply defined hams on a contrastlmG back_round_

the resultin_ peak-to-pe_ sl__st _e c_ulated by-_ou_fcr.
analysis. It can be shown that: •

n - 1-3,5. • •

n

and f(n) is the system output at the nth harmonic frequency f__om
Figure 1.3-9.

©
The values of bn and f(x) are tabulated for various spatial fre-
quencies of the test tars in table 1.3-3_ where:

_.__ fitE;
.=1,3,5. - -

represents the peak-to-peak value of the resultin_ output. This

function is plotted in figure 1.3-10 and re vresents the ou_'l_ut of

the system for square wave bars when scanned with z densi_me_r

having an apertmre diameter equivalent to 0.5 meter at the 3munar

s_r£ace.

1

A further requirement of the statement of york is th_% 1 neter bar_

(38 i/ram) yield 6:1 signal to noise vhen scanned with _ 1 meter

equivalent aperture. Table 1.3-4 shows the AT at the GRS output

(from Table 1.3-1), the response of a densitometer _-ith an _per_e

diameter equivalent to 1 meTe_r, and the resultin_ si6nsl out-put_

"Table 1.3-5 •_imilarly shows the noise at the densitometer output°

Figures 1.3-11 and i._-12 show the si_al-to-nolse ratio vs. spat_nl

frequency for a one meter scannin_ aperture for sine wave _u6 _quo_-u

_ve bars respecf.ivel7. The d_ta for figure 1.3-12 is _bu/_tea in

1.3-6.

_dbook of _hX_ematical' %_bh_es, Chemical' .Rubber _h/5%_!_ Co.,

"_ _2 _
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From figures 1.3-i0 and 1.3-12 it can be seen that the Statement of

Work requirements can be met ca axis with the 24" lens for the

A detailed analyis has not been _rformed for the 3" Ions system

since adequate modulation transfer' function data for the le_s-fliu

combination is not avaAlable. The only difference between thc 24"

s_d 3" lens systems is this transfer function. D_ta is ava_ble

vhich indicates that the llmi_Ing lens-film resolution of the 3"

lens is about l_ lower than the 24" lens (in lines per millim_t_r).

Since .the lens-film transfer function is only one of many eontrl_-

%ors, it is estlm_ted that the net chsmge 4n system resolution -_ill

be a loss of about 5%, giving a signal to noise ratio _--r_iu of

about 3 db at 8 meters resolution. For the case of the 8 meter har_

scanned with an aperture of 8 meters_ no such extr_.pol_tioa can be

m_de since there is *'no" _ available _ the region of _ llnP.s

per mil_ter. In general, all that can "_e said is that ther_ will

probably be less difference in performance at 38 lines per milli-

meter than .at 76 Lines per millimeter, with the possibility that

the 3 inch lens may ev_a _e better than the 24 inch lens.

• . • . •
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2.0

2.1

2.1.1

2.1.i.i

Off Nominal System Performance

, ,,, ,,. ,, ,, ,, u -

Effects of Off Nominal Values of Variables

This section presents data to permit analysis of the effects on

system performance of the parameters under various off-nominal.

conditions tha_ might "be encountered.

Variations in Exposure

0

Off nominal film exposure will occur which is caused by t-_rget

characteristics, the space environment, and errors originating

in the photographic system. The amount of variation, its

occurrence, and its effect upon the photographic capabilities __th

respect to resolution and picture quality _-lll be characterized

by the source of the variation. Each of the causes m_ntloncd _!i

produce a chs.u_e in picture quality or exposure Vaich will ordln-

arily be characteristic of the general type mentioned. E_ch of

these is discussed in turn.

Variation Due to Target Characteristics _

Of concern here are the brightness differences of the _oss i_
features or larger areas vhich affect the overall field of vi_ ......

or a si_niflcant portion of it. The apparent brigphtness of the I _

lunar surface, which determines the exposure requirements is de- I "',..

pendent upon the surface albedo and the photometric function. _ 1 "_"

first is a characteristic of the surface material, its struc_c_e_
or a combination of both. The photometric function is an e_renzicnL_.,

defining the modification of reflectance by the variable .geo_ct_-y ,_2

of the surface, the llltmdm_tlon, and the _line of sight. _e_e

factors are discussed in detail in Beetion 3.0.

Two broad types of lunar surface are recognized %-hich h_ve

appreciably different albedos. The upland areas are 6ener_!/Ly

lighter, with an albedo ranglng betwe_u about O.lO and 0.15. T ho

darker maria_ on the other hand, have albedos ran_inz b_n 0_05

and 0.08. Albedos of individual fea_ares or small areas z_y exceed

these limits. The average albedo of _Jue moon is about 0.07.

Because +_he Lunar Orbiter will pass over both up _land and _re areas,

exposure must be based upon the area type to be photographed; since

the brightness may differ by a factor of 3-

Unless _ photograph is intended to record detail of s_:e _;p____

are_, exposure must be based upon bhe scene lumln_ee lute_a_,A

over the field of view or over that part of the field ha-.__rk_creo.t-

est significance. Since the photographic system is designed fcz"

optimum performance on-p-xls, the central s_-ea of t_e field of %<e_

_ll be most si_nlficant and exposure should be based on It_ _....

nance. It is sho_a in Section 3 that, because of the photc_tclc

characteristic of the surface, the off-axis line of slight defiz_aZ

tJ_e field of v_ev will produce an app_ent cross-fr_n_ _"_ .....

difference. 0z a level surface of '%unifo_ properti_s_ _n of_.-c_u

angle of I0", _,_xlmatlng the format e_c of the high r_clutic.z

camera_ may exJ Lbit a cross-frame br!g_htness ratio of _'_;- "_
and l.& In the Lllumlnatlcn p _Inme, dependi_ upon the _"...... ,_-_

REV LTR
._._.._._,,,_ t NO. _':__;;_q,q .'_



2.1.i.2

e.l.l.3

I
Referenced to the nadir brightness, this amount to + 0.2 to _ 0.25

f. stops. If the exposure is correct at the nadir point, in the

area of maximum resolution, the film will be sllg_tly overexposed

in the direction away from the sun and underexposed on the_side
toward the sun.

Variations due to the Space Environmem_

The photographic film will be subject to high energy ionizing

radiation durir_ the mission. Prior to processLng, this radiation

will affect the emulsion in much the same wuy as exposure to

visible light, producing a general fogging effect. This effect

and its occurrence is discussed in detail in Section 6ol. Fog_Zing

of the film will increase image density and will reduce contr_s_

or gamma, which degrades resolution and picture quali_,.

A radiation dose will be received during passage of the vehicle

through the Van All_u belts which may be significant with resoect

to film damage. As shown in Table 6.1-8 and Figure 6.1-_, a fo_

density of 0.3 or more may be produced.

Solar particle events, usually associated with zo_lar fl_e activity s

can be a source of radiation damage to the film. Fl_e acti__ty
which can affect the mission is intermittent and of v_riable

intensity, it has been estimated that total mission fail,_e ah_e to

radiation effects from solar particle events has a probability of

or less.

There has been some concern that impacts of meteoric particles

and secondary ejects from the lunar surface may damns? the !e____.

This is discussed in detail in Section 6.2. Lack of d_.ta prevents

reasonably quantitative assessment of tb_is hazard and its eff_ct_

on the lens. There appears to be no anal_Ical or _plrlca! da_

on the degradation of optical characteristics of a lens _hich ham

been pitted. It woul_ seem, intuitively, that pits on the icno

surface woul_ cause scattering of id_t and consequent lowerlng

of resolutlon by a f0_img type effec_ as well as possibie inm_

distortion. A decrease in effective :a.perture may also occur°

Variations Due to System Error_ i

Exposure variation may also originate with_in the photographic

system due to optlc_l effects and operational e_.-rom_. Tr_u_sslon

characteristics of the camera lens will produce an e_osure

variation within the frame. Transmission decremses as off-zzds

emgle is increased to the limiting field angle. This -rlguettir_

results in underexpose toward the edges of the pickle arc_.

This effect _.LII, to sc_e e-._ent, resemble the off-_z effect of

the photometr:.c function, but without the orient,_tion to t_h_eplnz,_

of illumination. Transmission variation will produce an e:_.0_._r_

difference b_ ;ween the center and the edge equiva!ont to about 0.5

f. stop in _e _4 inch lens and a_out 1.0 f. stop in the 3 _uch
lento
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Additional error in exposure will be associated with the operational

accuracy of the shutter mechanism; and in the accuracy of abutter _J

setting. These errors vould be the same for either camera and Im

estimated to be equivalent to about i f. stop. An error must be i

assigned to prediction of nominal camera settings because of in- !
i

adequate data for the prediction basis. A nominal error of 0.5 stop
has been assumed.

_he nominal exposure errors are summarized below:

24" lens 3" lens

_otometric function uncertainties 0.5 stop 1.5 ztop

Albedo, slopes, etc. i.O stop I.O _top

Lens transmission 0.5 etop !.O stop

Shutter setting & operating accuracy 1.0 stop 1.0 stop.

Prediction of setti_ K 0.5 stop 0.5 stop

RSS Error = 1.5 stop 2.25 step

Effects of Exposure Variation on System Performance

_ne primary c_iterion of system performance is image reso!utign ,

which is closely related to film exposure. By m_im_ some ass_2tl on_ z

the relationships of exposure, film gamma, gran lu!arlty and signal-to-

noise to resol_tion, an approximate correlation in terms of lines _er

millimeter may be drawn. This is shown in Figure 2.1.1-1. <>

Curve A represents a portion of the fa_i_r H and D plot for __._.-_3....

relating image density to log exposure. Curve B is a postulated'

relation between signal-to-noise, as affected by density and _r_uu- :

larlty and resolution. _he resolution scale is an approzd_nation to

provide an indication of estimated effect and should not be takc_u

as absolute values. Approximate film resolution is _dlc_ted by the

intersection of an exposure value with curve B. As shoun, the

nomlnal exposure will provide a resolution of abouh 80 lin_s _c_" ,_'_.

As exposure is decreased from the nominal, the change in fi_ _

results in a decrease in resolution. Mith increase in exposure,

g_-anuGarlty increases vhich degrades resolution. A v_lat!on in

exposure amounting to 0-5 stop will lower resolution to near 70

lines per ram.

?
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2.1.2 0ff-Nominal Variations in Transfer Functian_

The basic analysis in Section I of S/N or performance of the

LOS system is based upon the nominal conditions which include

on-axls imagery for the lens, correct focus for the lens,

optimum exposure setting, and the hoiC_ of _mearbudzct

tolerances. Some of the conditions which gi_ off-nomi_!

perforn_nce are discussed here from the standpoint of degradi_

the signal. Exposure variations amd off-nomimal smear contri-

butions are discussed in Sections 2.1.1amd 2.1.Srespectlv_ly.

The firsh factor to be considered is the performance of the lens

in terms of image quality at points in the field of vic_ o_ler

than the on-axis point. F_asured data for off-axis rczo!utlon of

the 24 inch and 3 inch lenses as supplied by EasZ_an Kodak is

shown in Figures 2.1.2-1and 2.1.2-2 respectively. The data is

for 2/itarget contrast on S.O. 243 film with D-!gprocessln_.

The dashed line for the 24 inch lens re._esents the mea_ared off-

axis performance of the original 24 inch, f/5.6 Pacific Optica!

Paxoramic Delta lens. The so__Id line represents the Eas_tman

specification for this lens after vignett_ing and otherwise _odl-

fylag for decreasing the wei@ht.

_he dashed line on the 80 mm lens represents measured off-'a_u[s

resolution with a 2/I target contrast and S.O. 243 film with D-19

processing. The solid lime represents the F_s_ann_Koda_ speclfl-

catlonomthls leas.

The 24 inch lens will be considered in more detail. Data is not

available (ray trace spot diagrams, etc.) to permit accurate

derivation of modulation transfer _ancticns* for the lens off-_zc!z.

However, for the purpose of _orking in q,_uantitative t_rms_ off-

axis _[F's have been postulated for this lens and are plotted

Figure 2.!.2-3. One point on each of these curves is a_ai!_?_Ic

from the data of Figure 2.1.2-!o The post_ted cu_'e shape is

considered valid based on data from,o_her high acuity rei_z'_--,.:i;i-_

lenses vith _ood color corrections tl}. _ta measured by Ea_-_._a

on the original lens with amd _thout filters gives _ustific_tlc_a

for not considering _avelen_th as a ma0or parameter° Eas_z

indlcated less than a 4% difference in perfol---ance in white lf_Sht

vs. spectral bands. It should a_aln be _haslzed that only _e

off-axls _EZF ctL_ves in Figure 2.i.2-3 are postulated Bud not b__scd

on actual data for this lefts.

Some additional preliminary data on this subject _as received from

Eastman Kodak in October, 1964, _nich is iuserted her_. Cc_3_:tcr

ray trace _ita for the lens formula %_s utl]_Ized to 6e_rat_ _'s

for 7 _ and LO.5 _ off-axis. The limiting condition _s for tangent -

lal resolut;'.ou in each case and the_e re_al_ut _ZZF's are _ho-_% la

Figure 2.l.L'-Sao _ese curves will be de_aded by scmc fact_r

t_ms of +_he capability to f,_.bricate the ac_Je! lens per +_h_

fo_'m_zla. Th_ dashed lines represent a tyTical 30_, de6z'_bzti_ d/zo

to fabricati:n, Actual perforce data for off-_¢is_ ho_v_;

will have to a_nit measurement_ o_ a fabricated l_n_.
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•_he reader vho desires to' revlew-ghe basis for _e use of
transfer functions for signal anal_sis, Is referred to
Section _.i.

(i) See, for instance: "A Research Study on Diffraction

Limited Optics", Perkin-Elmer Coz-p._
Report _. 556_, ]96o
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The second potential off-nominal condition to eonslder is %_t : j
of performance of the lens _hen out of focus. The focus tolerancm" i

is discussed in some detai_. Kodsl_ has provlded'me_6ured dat_ en

the original 24 inch lens performance _hen it is 0.002 inches _at
of best focus position. This data is plotted in Figure 2.!.2-4.

,, The capability to hold focus tolerance is_ of course, tied vea_

i closely to the ther_%l model and the ability to control the l_ns

temperature envirenmemt,;to within the 70 + 5" F specified. No _,

provision is made for, focus adjustment in flight for this system.

To permit quantitative signal analysis for this off-nom_

condition, a transfer function is pos_lated for the 24 inch L_s

at _ focus position 0.002 inches off optimum. This funct!_u Is

plotted in Figure 2.1.2-5. This plot is for the on-_-xis condition°

• A single point of the curve, is available from the data of Figure

2.1.2-4. The shape of the curve is c_nsidered valid _r_om oth_

" analysis of HEF de_adatien as _a Tunction of focus ahift(2_ Azaluj:
it should be pointed out that the lens is considered to be color

corrected to a degree vhere thi6 curve is considered adequate for

the total _hlte light baud. :_
o

In terms of the transfer functlens used for the nom_i'_ "

calculation of Section l, the majority of functions used are

considered to be fairly firm because they represent measured _.

The lens data, as explained earlier, represents measurements on tj
the original lens design. Y/%is is the opt_rum lens for this _yztem.

Other lenses vhich would more closely approach the diffraction limit -

and provide the field ang!e and color correction of this one %'oul_

add a considerable we _Izht penalty. Tee film/process _[_F also "_ _

represents measured data. The sc_uer unit _F is prt_,_ri!y a
product of the functions for the sc_u lens and the tu'oe. The seam

lens represents measured data. However, the PM tube f%tuction i_

calculated from the spot size _e spread data. _ue accuracy !
of this calculated function must a_;alt actual measurement dzta

_hen the tube becomes available. _e co_--_nicatlons system

_n_lysis, Section _.4, includes the error tc!er_nces ass'_r.ed

realistic for that s_t_m. The trs_nsfer function for the groun& , ,

reconstraction electronics and 35 =m record__n_ camera is not

expected to deviate from the nominal curves used. Since the _yst_u

is being utilized at approximately 13 lines/zn, off-_.is effects i,_"
should be mlnSmal. An additional transfer __anctlon for the lens-"

film comolnation _ the reas_embly _-Tinter has not been " _" _ _

The response at _fce frequency utilized should be near _5% so _nlS

omission is considered valid. _ctual data on this %L_it _s not

available at this tlme.

_) See, for insta_ce: R.E. Hophlns_ "Prac_i _ca! Ccr_cnts c_

Frequency ._esponse Calculations", _ E,_!-uat!cn _--_'_,',__=_.__,
Univer _ ttl, of Eo_he ster, 1963
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_e system e_aly_is given in Section 1.0 wan lint.lied to on _-_i_-
limQ of sight and _ correct exposure for the ccntral e_ca_ of l_

flel_ of view. Apparent brich_uess, of the surface of th-_ =_
vtLl very within the flel_ o_, view as a result of the v_iab!e , :

geometry of line-.of .sight/ l]]_m_tiOn, and surface _mibe_o..a_ .

cUocuesea in ,,_ta_Z in Section 3.0. . " .

If_ level surface of uniform albedo is assumz3, the eros3 fraz _

exposure will vary as a result of off-_xis line of sight _u_ t2 o .:++
effect of the photometric function_ and may be expresse_ a_

.briGhtness ratio. Furthermore, this ratio "_'ill also be _. _un_i ic_..

of the solar phase angle, referenced to the nadir lime. A flai+ ,.
level surface cannot be assume_. Few lunar areas, even at the

resolution limits of Ear_h-base_ observation, are com_!_tc!_ _ vui_

of terrain features, an4 as resolution is increased, to_o_aph_ c

irregularities must become more common. Such Irregularitieu, l_v_Z

slopes, __Ii introduce additional variations in apparent b_igh__n_s

and consequent scene contrasts as a result of the photomm_-ic

function, even where hard shadows do no occur. The eonta_.st_

arisi_ from surface slopes, off-axls llne of sight_ and the lJml*_Lu_- _

sun angles of 50" and 7_" are given in Table 3.3-i-

In the above t_bul_tiau_ a uniform albedo is a_sumed_ Va_i_ti_ m3

in reflectance due, prem_mably, to differences in surface ccm-

p osition or structure occur on the surface. Some typic_l va_ c

of _a!bedo reported in the llter_ture are listed in Tab_ 3.1oi+

Upland areas have an albe_o genere.lly _bout .i0 to .12 uhi!m _c

maria ramge _etwee_ .05 to .08. Bri@ht ray structures_ associates

with pri_ impact craters_ occur on both _maria and u_ -_lando, l,_t,

because of their high albedo of .!_ or hi@her, are more prcmin.__,

on the mari_ because of the comtrast.

'.Al.b_do variations can increase the contrasts given in T_bl_ 3.-'.-I_

since reflectance is the product of albedo _ud the v'alum of T,.h:"

photometric function as listed. Thus, these contrasts c_u _ _ca_

by _ factor of two or _.

Contrast variation will occur as _ result of the comb _Iz_om o_

number of inter-related factor:;, some of _-hich occur _-_ ra_'_

frequency _ud magnitude. An _pproyzLmatlon of _2aese val-d_._t,lom.z,,a_
they may occur d_ring an orbital pass of the r_toto_a_c mls_.cu

is discussed in Section 3.3.2. _e mean coW--st ra,tio b._'mcn'.
adJmcent areas of dlfferlz_ brightness, within the miz_Ic_

l_m!n_tion limitS, as dete._'mimed from the A.C.I.C. "_ur_, _

about 1.24, with 6_ exceedim_ a ratio of 2:i. _hese contr_ _-_

computed for ore-axis line of si_ om!_. ..

• o,"

-/... - f

Variations in Contrast Ratio
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The contrasts derived from the above profile are a!rproximationz

based upon gross topography as portrayed on the Lunar Atlas Ch_-hs°

Reference to Figure 3.3-9 shows that the mean distance ovcr which

brightness was assumed constant vas about 2 kilometarS.

Since brightness is a function of slopesp and, as the indicated

slope decreases as the Integrated interval is increased, hi6he_.

slopes ana greater contrasts will occur across small terrain
features. A cone model has been specified for representation of

the emm.].l features to be resolved. This is sho_n in Figure 3-';-_-

Maximum-minimum contrasts across the cone model vary with the

illumination angl_, ran_ing from zero with the sun an_le dlrac;ly

along the line of sight at nadir, to infinite _;hen hard zhadow1:

occur as the lllumlnatlsn and slope angles coincide. _s lu

shown in Figure 3.3-_. It is further seen that at the m_n_

sl_clfled sun angle of 50% the on-axis contrast across the c_m

£s 3:1. .- •

Contrast across the cone model is modified by c_ing the line

of sight as shown in Figure 3.3-5- Variation both above and be!e7
contrast at nadir occurs. A maximum of about 4: I is reached _.t_

lime of sight 20" off axis directed away from the sun and _ m_uluum !

of 2.3:1 at 20" off axis toward the sun. This difference in contrast

ratio will affect resolution by about 7 limes per me. _he hig)_ I

contrasts increasing the nominal resolution of 76 lines per _ to
J

about 83 while the lower contrast reduces it to about 69.

Variations in Filter Characterls_Icm

Variations in the filter characteristlcs take two generml f_v_:

Varintlans in frequency response

Variations in _ with fre_uancy

The filter characteristics defined in I_-IO0!12 have been ch_zf_

such that the effect of the filter is ne_ligiblmo

7. general, variations in frequency response outside th3 to_u_cm

specified in De-lOOll2 will cause slight losses or 6_ im

resolution. For variations of 1 _b or less_ thO clmr_ l.u
resolution should zo_ be noticeable.

Vari_tlons in phase, i.e, group delay_ with fre_aency of "_ tO

+ i_0 microsecond cause only slight distortion o_ edgem im th_

_mzge. These distortions are not of _ type that _oul@ reduce *_

detectability of the edge, ho_ever. _xcessiv_ grou-9 delay =_1_/d

rema!t in reducti_u of the slope of the edge a/zm_ _Ith mcc_z:_l_.'_

edges_ resultlng in _n uncer_Inty in the location of %he C_._.

Tals would not imT_air the systems ab _llity to detact obOe:to _-!_&h

sizes on the order of the _limltlmg resolution. In- _jr_

tar-s, the syst_-m would _'_u_er v. iOSS of acuity_.
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The curve labeled "D" is the most severe of runny cases run with

differential group delays up to _+ 3.0 microseconds. Weighing

the results of this filter efTects study, it has been concluded

th&t for expected values of d_ the group delays of up to 3 micro-
dF'

seconds will not seriously desrade system performance# and values

of 1 microsecond will have a ne_ligible efTect.
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The contributions to the smear _ud_et assumed for the nominal +

caoe due to V/H_ X_p attitude control errors_ eto._ iS di_-
cussed in Section 5.0. It is concluded that the expecte_ _a_

is insis_iflcant in terms of the overall system perf_¢e.

Speciflcall_j the modulation response st 76 l/_n is calculated
to be

Three curves are presented in figure 2.1.5-1 for analysio of
off-nomlmal smear conditions. These include one with a nami_

l_smear error but the _ exposure of 1/25 second;

curve which represents the 2 _ error, 1/25 second exposure of
which 96% of the photos should be superior to; and a worst ca=_

condition with 3 _errors and the.1/25 second exposure.
+
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3.0 Contrast Ratio and Exposure

The detection of a;surface feature by photographic methods

requires, implicitly, the existence of a contrast between that
feature and its surroundlng. Those factors which control or

determine brightness, and brightness differences or contr_st_

are of zaJor concern to photography of the lunar surface. The

bri&htness of the lunar surface varies as a result of -chnnging

geometrical relationships between the angle of illumln_tion,

lines of sight, and slope of the surface according to unique
reflection characteristics, due _to its physical structure or

texture, and to variations in a!bedo or brightness due to ccmpo._sit-
ion or a combination of composition and physical characteristic

of the material.;

Factors Affecting Surface Bri@htness

Geametrical Effects : =

The photometric function derived by Fedorets (Reference 4),

reproduced as Figure 3.1-1, has been used to determine relative

surfzce brlghtness variation due to changlng the geometry of

sun ang_le, viewing amgle, and surface slope. In order to
examine the effects of these factors, some assumptions h_ve

been made to simplify derivation of near-limitLug cases. The

aS_Zl_tions and conditions used are as follows:

• The values of ref!_ctivity are determined .

in the plane of illuminztion.

be camera axis is toward _ nadir.

. The sun angle is at 50" and 75" from v_rtlcal ,.

(40" and 15" solar elevation at the nadir

Surface slopes 0", 5", I0 °, 15" and 30"
from horizontal falllng both %xr_ard an_

away from the sun and the 2 m. by O._ m con_
are considered.

The photometric function given by Fedorets will
be assumed for all surfaces.

By restricting consideration to the p_laneof .i//lunination,
maximum and mira/mum values will be obtained. The angles of

via for the cameras are 21" (10.5" half angle across tha

long axis of the high resolution c_mera, and 57-5" (28.75 o

half am61e) for the low resolution camera. The max//m/m slopa

azgle considered (30") is taken as r__-resentlng crater %_//_;
altho_ hi@her slope_ may be encountered _n some crat_TS and

•on eJecta blocks. The standard 2 meter cone has a slmpm of _6%
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3.1.2

The photometric function derived by Fedorets is am average.

The character of the lumar surface is not uniform and the

photometric function varies somewhat. This has been sho_a

by Sytinskaya and Scharonov in their plots of the varlaticm

in brightness of particular locations as a function of p_se

angle. These plots are similar to Fedorets photometric functiom,

with the angle of reflection (_) held constant by the locatiom

of the area on the moon. To illustrate the variatlmns _hich

haw been observed for different areas, six of their plots

have been re-dra_m amd are presented in Figure 3.1-2.

Two sun angles, lines of sight both on camera axis and off

axis, and surface slopes have been used Im various combinations

to investigate the effects on observed surface reflecti-_oty.

The geometrical relationships for this study are Illustrated

in Figure 3.1-3.

Albeao

The photometric properties of the moon have been studiea

extensivel_ (Reference i)* and the bri@htness of lunar feature_

has been measured (References 2 and 3*)- The albedos repoz_ed

for some representative areas are listed in Table 3.1-1.

These v_lues are averaged over areas which are at least comparable

with the field of view of the hizh resolution camera. It should

be expected that variations at least as great and quite possib!_

greater than those reported for different areas may occur in so_zc

locations within the camera field of view due to terrain fea_Jrcs

not presently resolvable. On the basis of the brightness mea_"ure-

ments, the maximum range of brightness due to albedo ddffe._encms

is about 3 (0.06 to 0.18) or about 1.5 photographic f. stons.

The photometric function, _, is a factor by which the normal albcdo

is decreased by deviation of _line of sight, l_ase amgle, or bo*_h

from normal.

Albedo values which have been reported in the litera_re _ust

be considered only as good approximations because of the ! -in_-

tations imposed by Earth-based observation. _ai!e brightnesu

measurements under differing angles of illtuniD_tlon are ready

obtained, depending upon the lunar phase, w_-rlatlons In the _le

are limited by the lunar llbr_tion. The brIshtness of feattL-es

away from the central portion of the visible disk, when observad

from directly above, as from an orbiting vehicle, must be c_ted

on the basis that the photometric function is va_id. As ,sumptlo_

that the albedo under vertical line of sight will closely foi_J

that observed from Earth is probably reasonable. Under full mo_

lIzhting, virtually no limb darkening is obser-_ed_ Izdicati_ _t

when _, and _ are both equal to O, maximum brightness is achlevo_d.

*References listed om Pw..ge88.
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Albedoes of Lu_.Are_s:

}Par_

Tr_uquilll_%Is
Sereni%atls

Re_zls
II

Vaparum
S_ laldll
Sinus Medll

Imbrlum
W

0centare Procellarum
I@ II

II g

t • I@

Uplan_ Areas

Appenlne M_s.

Features

Floor of Julius Caesar -

Fl@or of Flamsteed and

Floor of l_cole_eus
Floor of C_pernicus

Walls of Copernicus

Rays from Copernicus

Regien near Keple_

Central Mountain of Arlstarcbus

Locatlon

9_ 29_
26_ 28

15 os 33

7_ z6_
lO_ 8_

.7n_ 8-w
i_ 2-w

26"_ o-

6m 16_

9_ 2_

4_s 54_w

Al_edo

O.066

.070
,_ eO_O

.o89

.o62

.05_

.OT6

.o7_

.o6_

.070

.o71
i .060

.o56

3_ ee m .118

9'_ Z3"E , .o9o
2"S 12"S .123

II_S I2"E _ .125

5_ O" .!o8
17_I_ 2_w .082

3*s 8"w .I/,9.

.07_

,o_

.lee
•.12o

.156

.122

.115
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Albedo v_lues are given for visible light, h_ile there are

no prominent colors apparent on t/_e moon's surface, photo-
metric mcasure_.ents through filters of narrow spectrsl trans-

mission have shorn small differences in color indices. Thusj

some small variation _ill occur if measurements are made by

limited _velengths or in the I.R. or U.V. Just as greater

differences m_y be expected in albedo as resolution is increased_

it is possible that more prominent color differences m_y OCC%LT

between small feature' detail, particularly in re_ions where

exposed rock occurs. It is unlikely, hot,ever, that such

differences will be of particular significance to photograph

requirements of the LO system.

Determination of Contrast Ratloo

Brightness differences, whether occurrlz_ between adjacent

areas or between more widely separated positions z_y be ex-

pressed as contrast r_tios which readily may be related tO

the capabilities or requirements of a _noto_-aphic system.

_nere _uniformalbedo of the surface vithln the area bein_

considered may be assumed, contrast ratios cauv_auieatly may

be determined on the basis of relative brightness or reflectancm

_s computed from the photometric function. _ere albedo

variation _ust be tmO_en into account, reflectance values

obtained as a product of the albedo,/o, and thevalu_ of the

photomatrlc function, _.

The contrast ratio also may be expressed in t_r_ of the

equivalent difference of photographic f. stop,_f. Contr_t

ratio is related tsar. by the equation,

B1

f. . log, ,-_.

log 2

is the ratio of brig_htness values and is greater t_ L

As shorn in Section 3.I, contrasts r_y be due t_ aeome_ic_-i

relationships bc_¢een surface confi_aration, and the a_les of

illumination and of llne of si,_ht, to alberto _z'_ere-ces_ or to

combinations of both. On a sip4_le pho_o_._._h_ _ue ca_s_ of

contrast cannot be def1__i_e!y established ,unless there is

su_ficlent additional Information to permit rec,>c_ni÷-icn of +/_e

feature Recognition and ide .... ica_ion of a fea_dre "_

dependent upon the relation bet_-een the size of the feature amd

resolution, the latter_ a_ain, being a function of the can,_ast
ratio. This is discussed in detail in Section 4.0.
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To the present time, the Observations anA measurements by

Fedorets (1951), Sytlns!-_ya and Scharonov (1952), Sytlnsl_ya

(1953), Fessenkov (1962) and others have provided the basis

for studies involvin_ lunar photometric measurements, The
recent r_urked increase in lunar studies has resulted in the

initiation of new and more accurate photometric measurements.

Amem_ the studies currently in progress are those by

R. W. Bhorthill of the Boeing Scientific Research Laboratories

aa_ by Howard A. Phens U.S.G.S. Astro_eology Research Laboratory a

F1a_;_rizona, Data from the above programs, &Irectly

a_pllcable to the present study_ is not yet av_ble. :

lariat photometric _easurements have been made by _Jo _a_lm

methods, photographic and direct. In the first method_ th_

meon is photographed with D.n astronomical telescope. Rigid

c0ntrel is maintained at all sta_es of the photograuhi_ proces_

to retain photometric accuracy of the photozraphIc ims6e.

l._crodensitometer measurements of the pho+.o/raph are made and

surface brightness computed from the _eeorded transmission

values. By tbls technique measurements may be made over tho

visible area at essentially the same instant in time and-in

aetall limited only by the resolution of the l_hotograph. _m

addition, other scans may be made at any subsequent time. The

technique is subject to the errors inherent in the photozraphlc

process, such as non-_nlformlty of the film or the processiu_,

as well as those arising from de_-_adation of the image by ", " . %"
atmospheric effects such as turbulence and absorption.

The second technique involves direct measurement by photometric

scanning of the image at the focal plane of the telescope. Y_u

general, the minimum practical size of the sensor results in

brightness values integrated over areas of i0 kilometer disz_ter

or larger as compared _th about 1 kilometer by the photographic

technique. In his recent measuremenfis, Shorthill imtegrated

•_.lues o_,_r a circular area equivalent to about i0 kilometers

on the moon, and Phon will be usin Z a sensor covering abouh _0 "_

kilometers_ Precise control of telescope guidance th__u_out

a scan is essential to ensure proper cc_relation betwean the

photometer record and the eorrespondin_ position on the moon.

Calibration and standardization of ins_entation must be fre-

quent and very carefully done. For exa_-ple; Phon bases his "

measurements ona comparison of twelve stars chosen for their

known brightness and spectral characteristics and their posltic_S. -

with r_ference to the meon's position in the _ky. Wil_ey an_

Phon (Reference 5) have reported a standard error amounti_ to

about _% in preliminary direct photametric measuramautm of

lunar features made u_in_ the }._. Wilson 60 inch refleetcr.

_._.. T..:.:.._ :;. _,,_; ;.:.__,._..._.._
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Target Model Btudlea .,, ;

J
.

7_ has been shown T_at_ because of the photometric chaA_ct=r-

istics of the lunar su_ace s if the surface slopes ,across the
field of viev_modifica¢i0n of brightness will occur as n re-
sult of clmm_ed geometry. Considering the field of view of the
camera system, off-axis line of sight will occur except at the

nadir point. The geometrical relationships which determine
reflectance will be further modified as the "line of sight deviates

from the camera axis. It is seen, then s that even with a unifcrm

surface, a brightness difference across the field of view will

occur. This effect is illustrated in Figure 3.3-1 _ _nich the

brightness r_tio across _ field_ defined by a half angle

corresponding to off-axis angles of 5°, IO'_ and 15 e_ is plotte_
as a function of surface slope. Sun angles of 50 e and _o ]:_?,.Ve
been used, and values computed-only for the plnne of illumin_io_

For the purpose of analytical study of the factors determln_

contrast ratios, symetrical cones h_ve been used as target models

for simulation of terrain features. The cones, having _ kno_ul

slope, will exhibit predictable contrast r_tios when il!umin_ted

at known angles and may be related to equivalent bar charts _n
considering resolution of the photoGraPh s_t_m. The target

cone and bar chart established for the limiting resolution is

shown in Figure 3.3-2.

When a cone is illuminated at some ar_.le from the _ to the

base, the surface brightness will grade from a maximum.in
plane of i_],_tlon on the side facing the light source to
_n_,n,m in the same plane on the opposite side. This is illu_-

_rated in Figure 3.3-3- The m_xlmum-minimum contrast r_tie acro_

the cone, havin6 a uniform surface conforming to Fedorets phot_-

metric function_ as a function of sun ax_l_ is shown in Fi_ _.3-_
On-axis llne of sight .has been asmune_

•iti!:

: !

i

Variation of llne of sight ar_le will influence both the appar_m.t

phase an_le, g, and the angle _. As a r_sult, the n_,xi.,___-min',_'_.,,.u_
contr_st ratio across the cone model will be ¢_hanged sig_fics_tly,

A_aln, assuming a surface of uniform albedo and photometric
characteristics, the maximum-minimum contrast across the cone au
a flmctlon of off-axis line of sight in the plane _f $_l_ticn

h_s been computed on the basis of Fedorets photometric funetlon_
This has been plotted in Figure 3,3-5 for the llmAting sun a_._

of _0" and 75,** .

The slope of the cone is 26.6". At _ sun _..,ug'_.._a_of 75 _ _ z_

the slope opposite Gue sun will be in hard _d_** and cont_t_

across the cone would be meaningless. For this cas_, the cuut._n_%
has been taken as the ratio between the _il!Lunl_ted sial3 of %h_
cone and a level surface according to the relation
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3.3.2

where Rc and R1 are the reflectanees of the cone surface and
level surface, respec_Ave_.

I_uar Surface _Photomet_I+ ,_¢'arla%lenJ

During an orbital pass of the Lunar Orbiter, changes will occur

in phase angle_ local slope of the sur£ace_ and the albedo, .

producing changes in the brightness of the surface. _ Phase an_e

at the nadir will vary nt a rate determined by orbital veloci_

sad inclination to the illumination plane. Variations due to

slope and albedo will occur at irre_ _requency and amp!Itudm_m-

pendin K upon the nature of the surface being crossed.

A traverse of 200 km alo_ a lunar great-circle amounts t_ 6.60%

Since the orbital travel time will be only about 2._ minutes, ""

the effect of the lunar rotation on illumination angle can be

dlsregsrded. The change in illumination angle will thus be

6.6" where the traverse is in the plane of i!lumin_tiom. Where

the orbit is inclined to the illumination, the change will

amount to (6.6) COS @, where @ is the angle between the orbit

plane and the illumination equator. Between illumination _!es

of 50" and 75", the maximum effect of the 6.6 ° change will _mount

to a z__ of 0.05, but because of the changed phase, the ratio of

brightness across traverse will increase as the phase is increased.

_his is shown in _able 3.3-2.
r

_3%e albedo of the lunar surface is not uniform, as sho_ im

Table 3.1-1. In traversing n 200 km distance, i_ is possible

that the path may cross areas of both high and low albedo,

such as recent rayed craters on the dark maria, or crossing

from maria tO contlnental or upland areas. As shown, the m/r-

face lumimm_ce will also be a function of solar phase. Asmam-

ing, a_aim, that the photometric function is the same for all

areas_ these v_riations may be expressed as contrast ratio or
as differences in photographic f. stops. The surface reflects.nee

is the product of albedo and _. Using the values of _ given in

F_g_a_ S.l-1 am_ values for albedo given by Sytlnska}u in

Table 3.1-i, some exposure differences across various featur=s

have been computed and tabulated in Table 3.3-_o Because of th_

limited number of areas for which albedo values are ava:il_b!_

the _'eas used in the calmu/_tlons are not necessarily _thin

200 km of each ot/_er, but are taken as representative of simi2.ar

f_atures.

,, =,, =_oo*iv' ,/,,

It can be seen from the albedos listed in Table 3._-! _that _r_

extreme differences can occur, it was pointed out that _hesc

albedoa are values _hich are averaged ovcr an area of zeverai

square kilometers, d_pendlng upon the optical systam and sen_zor

used in the measur_nent. Brightness of detail below re_olv_ol_

size _st span _ r_nge of values above and below the average.
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E_ect of 6.6" _verse On _rf_ee contrast,

_G_ ( )

50"

68.4°

.m3a

.2_T

.1%

.lO6

T ,

.osz

.o50

1,21

0.27

, ,,j

1.47
0.56

TABLE 3.3-2

_e to albedo differences _crose a 200 kilometer tr_v_:zse

Copernicus, bottom (/Q - .120) to Sinus Medll

(p. 0.054) at a - 50, 56.6, 68.4, 75"

Copernicus, bottom at 50* to Sinus _4edll _t 56.6"

Copernicus, bottom at 68.4* to S_nus Y_dil at 75"

Copernicus, bottom at 56.6" to Sinus N_dli at 50.0"

Copernicus, bottom at 75-0" to Sinus I/_dli _t 68_h _

RATIO

2.23

2.T2

3.28

1.90

1.52

• i

o ._93

e.,go

TABLE 3.3-3

1
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This effect will accentuate the differences shown ,in Table 3-_-'_-

A photozr_phic exposure difference equivalent to at least _o f;

stops and perhaps four may exist under such a c_rcumstance. It

should be expected thnt such varlatlon will occur _ithln a 200

km lunar trmverse, and possibl_ within _he flel_ of view of th_

_ame_c_ e

The frequency and amplitude of surface brightness variation will _

be stror_ly dependent upon the type of terrain over which a scnu_r

scans, and the area over _ch the sensor integrated reflected

light. It has been shown that variations in surface brightness

is strongly dependent upon slopes. The occurrence of slopes _illp

then_ be indicative of brightness variation, the ms_nltude and

frequency bein_ a function of terrain roughness in areas of uniform
albedo. Because of present limitations on resolution to nbou5 1

to 2 kilometers resolution of brightness ._-_ri_tions c_n be _o

better. A brief study has been mde of the occurrence of s!c_es

on the lunar mare surface. An attempt was made to derive the

distribution of slopes in the best detail afforded by the A.C.I.C_

Lunar Atlas Charts. Slopes averaged over 2 kilometer increment3

of a 500 km profile alemg 14" S. latitude running east from 28" W.

Longitude. The distribution curve is reproduced _s Fixate 3,3-6,

Data points for the slope distributions within i00 kilometer

segments were included to indicate variability of terrain within

the complete section. No mountainous terrain was crossed by t_he
section. The maximum slope found wus IO °, but between 96% - 98_

of the measured slopes were less than 5 ", vhile between h0 - 70%

were less than 1 e. It would appear that over the mari_,

variations in surface brightness due to slopes will not be a serious

problem.

In the case. of the upland areas, which genernlly include c_ar-

atively rugged terrain, the problems will be of more concern.

Two profiles across upl_nd areas were drawn from LAC _7, Pro _]_%r.%eus,

The first was along 4 e S. I_titude from I0 ° W to 2" E. I_n_itu_

and the second along 6" S. Latitude from lO" W to O" Longitude.

Slopes were computed from the measured elevations between suczcz_iv_

kilometer intervals of horizontal distance. A plot of cumulative

percent of slopes as a function of slope angle is shown in

Figure 3.3-7. Distribution within 100 kilometer segments were alzc

determined and the data points plotted to provide some indication

of terrain variability. It mhould be understood that this cu_-va

represents an example of upland terrain, but i_ is not neces_il_7

representative of all upland areas.

The more rugged _ture of the uplands in c_T_rison _th _ th_ _Iz_

becomes apparent Lu the difference between slope dlst_!bution _lm

shown in Figure 3.3-8. While the mare area is ahown to h_ve _,_ho_*.

60_ of its slope_ less than i', the upland area _as bu_ 15_. _m

upland areas will, as _:result, have a lar6er and more i_.equau%
vari_tlca in reflectivity durin_ a trav_rse_ due _o th_ sl_ _ .;;'_

dependence of the stufface photometry.

u] _28s _ooo m_.v. S/S2
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The distances between major slope changes will give an indication

of the frequency of occurrences of brightness differences due to

terrain features. The horizontal distance: between the _Jor

slope changes was measured on t_e profile drawn for the upland

areas, and the cumulAtlve percent of occurrence computed as a

function of length. This data has been plotted no Figure 3.3-9.

It is seen that the mean distance between slope changes is about

2 kilometers and that over 98% are less than 16 kllmmeters, the

long dimension of the high resolution camera field of vlc_. If

an equal probability of rising and falling slopes is assumedj

this would Indicate that about half the time, slopes in opposite

directions would appear at either side of _he photograph and re-
sult in increased comtrasts.

At perilune altitude, the vehicle velocity over the ground is

2.2 kilometers per second. Thus, the light fluctuations at the

nadlr point will have a mean frequency of abou$ i per seco_

0.5 cycle/see, from the larger terrain features. _zall surface

detail which cannot be resolved at present will u_doubtedly

introduce additional hi_her frequency variations which m_y ll]_ly

have equal or greater azpli_de than indicated by slopes obtained

from current lunar surface contouring.

An attempt was made to estimate the occurrence of shadows in the

upland areas on _he basis of _e profile prepared from the ACiC

Chart. Slopes were checked graphically using _ small tamplate

prepared to represent the two sun an_!es of 50 o dud 75" on the

10:l vertical exaggeration of the profile. Where shadows w_re

indicated by slopes equal to or exceeding the ta__pl_te, their

horizontal length w_s measured. No attempt was made to alter

the sun angle la!on_ the traverse and thus the measurame_ts re-

flect values for a const_ut s_u angle at the nadir point. A_

a simple check_ shadow determinations were made for beth no_n_-_

and _vening direction of illumination. The results obtalz_d

from the measurements alon_ the 660 kilometers of profile _re

liste_ below_

•" Morning

5o" Sun 75 ° Sun
Total length measured None 59.6 km

Percent of length shadowed 0 8.9_

Average length of shadows 0 1.8 km

Evening

50 ° Sun "_" S_u*. ,
None 55.5 k_

L6

The _oov_ measurements agree reasonably well __th the =l_p:_

distribution curve (Figure 3.3-7) which was obtained by a_ragin@

slopes over 2 kilor_etar distance. The method used here c_

indicate only gross shadows and gives no information re!_tiv_

to shadows produced by terrain detail such as eJecta _ts

or s_._ll craters wl_ch are not resolved by the 2 kilamet_r

averaglng,

! '
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An approx_te representation of surface bri_/htness variations

due to gross terrain features, surface character, _nd illumi-

nation has been derived a9 a "luminance profile" across an

equatorial section of _le moon. In order to simplify the studyp

apparent brightness of the surface at the nadir poin_ only _

considered. Where the local surface vas _ery close to level,

the value of _ would be zero and woul_ vary only as a result of

surface slopes. Variations in _ due to the angular field of vi_v

were not considered. Values for the albedo of the surface hn_

bean determined for only a limited number of localized areas

(Reference l and 3)- Because of this lack of data, it was

necessary to assign values for various types of surface based

upon measurements of presumably similar character. 0bviousl_,

such a procedure introduces an error Luto the representatiom_

but it is probably within about iO_. Construction of the pro-

file _as based on the A.C.I.C. T_nnar Atlas Charts Cov_rLu_ the

equatorial area from 50 ° East to 70 ° West Inn_itude. Begirmln_

at 50 ° East, the horizon_l distance vas measured to pos_tioms

along the equator where terrain features or surface character

changes were believed to affect brightness. %_ere appreciable e

slopes were computed from elevation chan_es indicated by cha_t

contours. In the areas of up _!and-type terraln_ where slo_

chan_es were very frequent and irreGu_Inr and the elevatlon

c_es too gmall to be contoured, a slope w_riation of + 3 ° _

assumed. In some cases, this slope variaticn was modified

aocordlm_ to the representation on the charts.

During an orbital pass across t/_e moon's nearslde_ rotatlcz .-f

the moon is not enou_ to chan_se phase for the purpose of th!_

study s thus the ill_tlom an_le could be consid_=red as a

function of lunar longitude. Three conditions of _l!_tic_ •

were considere_:

,e Full r_ocn_ with the subsolar point

at O" Latitude and O _ Lon_i_.ade

_o First quarter, with the _ub-soiar

point at 90 e E Longitude and O"

L_titude, and the terminator along

O" T._m@i."a_le

.,',

3- Last quarter_ with _he sub-solar

point at 90" W Lonci_de_ O" Latitud_

and the termlm_tor along 0" Longitude

_ith these phases the value of g at any point along the equat_r

would be:

. F_ual to East and West Lon_i_a_e at

_Jii _0a, with the _lue of_ ci__r_.

sign, for a given slope direction, a_

REV S'YM .--,..,..-..---.-
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90 ° - East Longitude at First ,Q_rter,

where only the eastern h_ of the

' visible disk is llghted,

. 90" + West Longitude, at L_st Quarter

_here only the western half of the

visible disk is lighted
i

Since the mean length of the individual sections was about

14 kilometers, the mean Longltude of the section normally
was used to de_ermine the value ef g. In the c_se of the

fe.a long sections over lOO kilometers, where the surface

was more nearly uniform in character i as in the marla_ a

linear variation of g across the section was considered to

be an adequate approximation. A direction of travel fram

east to west was assumed.

The albedo assigned to a given section was considered consto_ut
across its full length although it is recognized that v_riation_

undoubtedly exist and that in many cases an albedo change will

occur as a more gradual blendln_ rather than as sharply defined

boundaries.

The value of the photometric function, _, _as determined for each

section based on Fedoret's observations. The relative brighhness

of each section is the product of _ and the albedo,p. Using a
solar constant of 1.31 x i0_ foot candles, the surface lumln_

in foot-lamberts was computed for each section. These values . 1
were then plotted as luminance profiles for the three _ecifi_d !times of lunar phase 3 and are shown in Figures 3.3-10 and 3.3-!i.

In Figure 3.3-10 where the profile extends from 50" _ to 70 _ _ un_ -

full moon illumination, the terminator is not crossed _ui _o _Lcpes

sufficient to produce .hard shadows -_ere encountered on tAzc 6_oz_ !

topography. For this reason, at no point does the itu_ce _h'op

to zero. On the two passes crossing the terr_mator, Figure 3.3-!I, I

hard shadows exist, an_ because of terrain irre_alnrities_ +_

areas near the terminator show marked fluctuations between the

highli_ht and shadows, in the sections of the profiles cove_ _ins

the L.O. illumination limits of 50" - 75" no _hadows _-ere en-

countered, althou@h the general level of _luminance champed by a

factor of about 3 to k.

r_ae ]_nanee changes due to surface character occult-red _!*A_

variable frequency and _mpli_ude. The frequency of ch_u;_ iz

_unctlon of the size of fe_are, or in this study, the l_as_th of t_

section considered. A plot of the section len_th _nd c,_ulat%_

percent of occurr_nc_ is _own in FiTare 3.3-12. _e t_zc fr_-

quency may be obt_tned by divi _ding the section _langth by t_b_
orblt_ velocity of the LO. it iz se_u that the mea_ length c2

section is i_ km _ud at am orbi_al velocity of 1.7 km/zec., +_c

mean frequency of change is thus about 8.2 scccnd_o

_f.._C./_, _ _ NCX D_-iO0_93.-! .... _=. _ -
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The ms.rude of the lu_ce _nrlations h_s been com_ute_ as _ "_

th_ ratio of lumius_ca values of a chan_e. In F:L_'ure 3-3-13_ "' _,:

the cumulative percent occurrence of ¢ha_e r_tios limited to

Within the sun angle limitations imposed on the LO, "_e

ra%ios up 1.4, equivalen% to + 0.5 photographic f. stop.. ",,"ill
account for about _ of the _m-_es. Only about 10% of the
_es appear to exceed + if. stop, or a _atio of 2.
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A startin_ point for a discussion of the Modulation Traasf_r _ _ ::_

Function (I._F), c_ the frequency reuponse function as It 1,.._ I_sometimes ealle_, Is wlth l_s rel_tlonship with the mere .- .[ i .....-:_:!common _pread function. The lens will _e use_ as the ._ .
.example for dls_asalon, although'the utility of the _sfer
function lies in the fact that it cmn _e used to describe the "-:TL

net effect on the ir_ge as well as the inSivi_u_l eentributiens.., • _-,

of lens, fllu, scanner elements, electrenlcs, etc.; "- " "': . ": i/._

Any lens system, no matter how good_ can not reproduce a poLut _....... _!_

source as a point image. P_ther_ the image is spread _over seine. '_::

finite area. The aberratlon-free lens system reproduces a point _

according to the diffraction limit as repre_nted by _h e spread .if!
function of the common Airy Disc. This spread function_ which .
is shown in Figure _.i-i_ shows, the intensity distribution in ;c

the im_se plane re_s-o.ltin_from a point source in the object _l_ue. _<

¥ourler ar_lysls tells us _u_t _ spread function is _ade u_ of _ !_

combination of sinusoidal functions of var_ frequency an_ "":

intensity. Ta/_in_ the Fourier Transform of the Airy diffraction _.

image 6ives us the frequency response ctu-ve or _[£F as shown In i,

Figure 4.1-2. The frequency (i/ram) cutoff point is a function of

the re_L_ti-,_ aperture of the lens system and the waveleng+h. The
I,_F also varies as a function of the distance off-axis and as a

function of focus position. The transfer function shown in hhee

figure is for a diffraction limited f/5.6 lens on axis at.55OO A.

An actual lens system is not _berratlon free and thus the response :

is lower tham that of the theoretical diffraction li_ted functl_n.

of the Zoc Los is z= !
comparison in the dashed ]:Lne _ Fl_e _.I--2. - ".,;:_ :_.

" ' " i: _.;,_ _.L

  sfo= of point
the image plane spread function is a constant, i.e., I_ contains . ...,_._ " "

all frequencies at equal intensity. _he l_ns (or other _-stem i::_ii_!_C

element) does not _erfectly reproduce all _p_cla.i frequenclc_ :._;_,_;!F_:_:t<

(:Li_uesln::). The low frequencies are well reproduced; _e !mter- _,_/!_;

mediate frequencies 8_-_ reproduced with reduced signal mo_l_tlsn_ | ,
and the hi6h ,_equencies are not reproduced at ell. _he

quantiti_tiv_ plot of the response of the particulsr imam or

system e!e_nent as a function of frequency is shown by its modu-

lation transfer function (M_F).

- .- ., ..,_ • -_ .,, _ -:. _ - . :_._..

. . ;_ _ % " .] -

":!"-'t- :

t .L .

U| 4all aOOO RIV. lllell

• ?: -

The M2_ for a total system is simply the product of the _'_

for each individual subsystem_ The film, photc_tipli_r tubs_

and othar elements of the system have finite _ _ _prc_

functions and thu_, I,_F's. ."_alspewits a total si_-_l frequency I

response -armlysis t_h the spacecraft p_yload_ c_,_*c_tioas_ __

and the optics and electronics of the g_ou_ud reconst-_Action _ip- I '.'.
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sinusoidal variation in intensity which

equation: (see also Figure 4.1-3)

io(xo)_ Ao*_cosv o

where#

The modulation, Mo

the contrastj Co

• %emi_e%, hrishtness as a function of X@

average brishtness • i _ ÷ I m_,.

I max - I mtu
a

2 1T No, where No indicates lines/ram

distance in object plane perpendicular to

target bs_s

Bo

• _ and

zr_o _
1-Mo _: _,._

Thus, a target scene with _ contrast of 3/i would 1_ve a

modulation of 0.50.

RE'V SYM_:

In the relationships _bove, the subscrip= o denotes the cbJect

plane. The same formu!_s describe the relationships of the_

parameters as the object scene is reproduced in t_um image pl2n_

with the subscript i used to denote the Ima@e plane. T_:s, th_

modulation in the _ms_e plane becomes

Bi
Mi = -- and the comtrust CI " I ÷ M_i

AI ' I- _ :

The ability of the lens s)_em to r_produc_ the contr_t of the

object plane in the image p _lane is nh_z_a quantit_tivel_" by th_

Mo as a M°function of frequency (_Aines/mm) is called the _o,h/-

lation transfer function (N_F) of the lens (or pal_i-_a!ar sub-

system element_ i.e.,

MI
= -- as a _,mction of fk-equenc_

_o

Experlmentallz/, _.herefore, the _F of a lens (or !ezs _ f'_u_ c;',_a.)

can be determined by measuri_ the object _odul_nlo_ _d resulLu_-_

Ir_6-e modulation for a series of sine %m.ve test ,targets of _F_=#-img

sp_ti_l frequencies or line spaclncs. As this r_cdulatlon dec:'a_s_

_s i_ is cascaded wJ_rough the various system elements_ u factor

tb_t becomes important is the _ mo@ulatioa on the film that

is _etectable by the eye. This is nor_ considered to be, .C_
,, , • ,, |

I
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at lower frequencies. A_ higher f_equenciesa as the detail
becomes finerj the gr_in of the photographic material begins
to interfere with th,.'ability of the observer to see the _etai_
and thus the mod_latlon of the l_e_e must be gre_te_. Thia

is shown quanti_tively in Fi6ure _.i-_. W_h reference to

the notations on the fi@_e_ the 50_ modUl_tion of the _ar@et

scene is plotted as line (i); the I_F of the 2_ inch lens is

curve (2); the _._F of S.O. 2_3 film with bi_t processing is

line (3). Thus_ by cascsd_ these functions, the resultant
signal modulation ou_ of the processor is shown in curve (_)

The %/_reshol_ detection curve for S.O. _3 film is sh_w_ as

curve (5). As indicated, the resolution of the system at

processor ou_u_ is a_proxi_ly i_0 l_ues/_. This *si_n._
vould then be carried throu@h the system elements of the scan_,

communications _uk_ _n_ ground reconstruction equi_mm._ hy

elements. _addix_ the _F's of these

L

.J

• _-...
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•" :-i-+•.!.+/ +.beery m_y .be applled. ,_Zu¢bio eonCe_:_,"a I_tc_ph'__ cc_&_Kr.._._,,I " _""I

• pictorial or an aesthetic na_e_ some hlxg_cationu _co ,_h_._)L t |

• - , ,:: I_o_ph visually or by optlc,_ _s_e_ts .to e_et _:L- " i_,:_, ."-+,_
• :. t_tive da_a _au_tltutes the rea_ _roces_. _ am_mt c_ ../+ ! " f

++'i_ "+mi-lliOnS of _Its per square inch. _.c_clty of film"t,.o.S'P+_ +:/ , | c +

S_me-_f th,;_+ ,_..+., "_ tu_or_t£on iS depen_.nt-upon a m_ber o¢ factors. | ++_ ++
axe: • ++T' '

%.. .., "j +- . , .,
. , I I + r v

' + . _he characteristics of %he i_a_e ..- "+ "

©

.;: . . .

+.+_.+ +

.. . ..

REV LTR

• - • ' + U_ 4_I_20<_ REV. I/K4

+-i -.+-t <+

i ?ii.+.+

_. "+.

• +

, ,_ .

+. + .. •

='- . • "+ •

• _e type of sensitive e_ion U_e_+' +

• .+: ' ,
• '_,L

. _e readout _. + +:

of these factors are_ to nora2 extaut_ _tcx-c_l_tcC. Fc_ ' "

e_le, v_rlatlon in the developer _oces_ can _+_b_c+ ._'=_d .... • "

differences in the properties of the resu!t ._i_ i_T_o _u a,_u.RP+_T+.+'_+._• _ .
l_v film emulsion. For ax_V film there is an uI_er li_i_ _ st_-+_ " :
_pacity par unit a_e_ +

In the following discussion, the lAm!t_tlcns _oec_ _j t_ _h:_.c-

grapby film, _udo_-udent of the c_u_r_ optic_ _ c_si_'o_ _ +_+
the c_tex_ of an i_for_atlcm coz_mic_tlcu_ _y_te_, A _J._ cC_-
sideratlon is the system noise and the si_-to-noAo9 _:_.Ao+

_e who ha_ enl_ed a _ n_gativ_ _'_tc a !_c _-_ .... +_
i_ immediately ccu_onted by the prob!_m that e_ _hoto_,3_
i_e is compose_ of _ grains of _i!ver. Y_ _n_Ity_ _h:_
s_s_llareas are considered, is not un!_o_. _e vi_l i_p_c_

is gra_ess, and the erratic slx_cin_ _nd i_tenslty cf -_Censity +
w_iatlons _e to _r_ness is expressed a++ gr-_uu_Aty+ _ ++

terms of a communAcatlcn system, g_nularity eonstltu_es a ncizm.

Y_e density io de_ez_e:l by mca_ri_ the !i_t _--c_nc-.._+

_2z_o_ _ known film area commenBurate ,_th t_ _ _-c O_ cc_- "++
eern. _he g_ins in an e_'_!sion are dA_trib_te_ a_ r_n_ r._

consequently, in _ %Auifor_" i_e, _Ive rls_ to r_ _l_c_._c_-_
even though the in_Ivid_m], _tus are not rescl_d+, Zt h_c_o

_pparen_ _ha_ _he Bize of the densltome_ ape_ 8f_e_ _._
frequency and amplitude of the fluctuations since I% rc_'c_.t3 _._ _ "

a._, _ae more clcsel_ the msasurement a_roaches the cve_v_ ; ,..

"L. ' "

+._+ . + : ,

"_ I_2-10(X293-! :

. .. • >



i-!_! : "" _ . •

'4. i-

il
i "

:

.

?

REV LYR

ul 4=el-2oo_ mCv. @/sa

, i • , , - i i! , i , , t i J , ,,- ,., , , - -- _ i,j. H

_e (lenstty, grovided, of course, thai; the epez%u_¢_ size doe_;
Uo_ exceed the si_-e of the image measure_.

k

._I_e concept of film noise is readily demonstratcd. If a _-ecti_m
Of" film, exposed uniformly and developed, is sc_ed rapl _dly _;{ _ •

microdenstto_Ser and the output recorded as an electrical s___i_
the granularity produces fluctuations correspondim_ to the £_I!_
white noise. _hus_ where a density difference between _u image

and the background constitutes a signn!_ granularity_ _hich is _!_o
a density variatiom_ becomes noise, _q-te co_ventlom2.i ._.etho_ 0:_
treating the problems of signal detection and signal to noi_ ::_atio

of communication syst_ns are to a large extent applicable to tl_

problems of film noise. Film noise, and the film signal tc r_i_
r_tio is of m_or concern in a photographic systam _here _dae

'=Elxiu=_ information content on the film is desired, %_he record3_

of ImaEe detail to resolution limits is required, and br!_htne_
differences between am object and its back_rouna is _.

I_ has .]:men pointed out that the grain of a film emulsion is

distributed randomly. Considering a uniformly exposed ___'__0..._
cessed film, granularity will follow a Poisson dls+_-ibu_i_n _i ;:
the magnitude being a function of the scannln_ aper_ure. _l_P_,_-
iz_ _etez_tio_ of an image, or signal, agalns_ its _::k_'.,:-__!
mus_ be in terms of some average. _]aere _Di is the de_riati_n o_

each of n _emsity readings _ the mean, the variance !_ _:fi:;_"

and C_ is the standard deviation or rms _ _anu/arit3_.

showed that granularity, defined by the e._u_tlcn

where a is the densltameter aperture area_ sho_Id be a ccn_cc.n =_

This relatlonship; now referred to as Selwln Granv_ i_y %_

confirmed by Eiggins and Stultz (l_c_9)where the uve._age de.uzi_y

is constant, but they show that for a ;artlau/2_- film, S v_r!z_

%-Ith the mean density, Since _=_=._-_+--_;is a fac+x_ in gr_ity_
the relationship

,o.-= o o7 :r s

hS.a _een est_b_shed for SO _h
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The significance of film noise becomes apparent vhen conoi_r!z_
images havi_ a low centrast with the background. At any given ,

point on the filmp the density may vary frc_ the nominal mean

and may be sufficient to place it within the dens_y level of
either the object image or the background. The probability of such

"an error is related to _ D such that, 68% of all readings fall in

the interval + _-. If an error of one part per thousand is

permissable, th--edensity levels must be separated by 3_-. For a ii

very fine grain film (such as SO 243), _" is about O.06 for a 5_ iii
aperture, or 0.18 far 3 _" - If the available density _e oT_ thm_iiiil

film is 0.9 there would be_ _bout five separately diatin_s_ :
density levels or _ray levels available for recordin6 vlth 99-_

reliability, .

_ae problem of film granularity takes on an added si_ficanme

for the Lunar Orbiter.Photo Subsystem. Af_e_ exp@_e _u_ _ro_'

cessing, the film is scanned by a 5/_ _diameter spot of light

mo_-in6 across the ir___e. The light that is tranamltted thro,_h

the film as a function of image density is recmived by _ photo-

multiplier and converted into an electrical signal whi_Ja is the

input to the communications subsystem. In effect_ the re_dout

portion of the photo subsystem is a microdensitcmeter with an

aperture diameter of 5/_ • Film gre_uul_ity which is resolv_blm _Oy
the scanner thus _emerates a noise component as part of the c_-

cation subsystem input.

Filter Charaeterlstics

The detailed analysis and discussion of thm eff,_ct_ oZ _,.ho

Communication system filters on the photOgraph_ has nob b_n

c_mpleted. ThAs wore _ be included u_on its completion.

e
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•he cmmmuz_Ical;ion syst_ acc_l_ts as .input the composite video |
_aveform from the airborne scanner. Both picture-lnfow_._Ica

_ua noise" components "of the scanner eutpu_ in the s_-ceeraft : -

are transmitte_ Indiscrlminantlyto the receiving station on

the Ea,_da _here they are supplied to the Gzound Recenstruction

Equipment (GEE.) of the photosystem. Noise received by t/_egrc'_.d

antenr_, as-;ell as noise g_ner_ted by the front-en_ of -_Jaer_-

ceivlng avpar_tus_ cause the outRut of the communication syute_=_:_ ,

differ from a true rep!dca of the se_mmer output. _nd._ _ec'=:Lon

describes +.he 15/nctional elements of the co.._r.ttuicatiDn_ _te=u_

discusses the si_i processin Z and noise genera_o_ e:ad i_di,ca_s

the extent of the degradation of the G_E input _-!th re_et to

the output of the airborne scanuer.

System Descri_tlen

Space_

_ne functional elements cf the picture tre_uission portiDa _._}_

the spacecraft eemmam_eation_ system -_e indicated _z, v_=_,_.......u ':_,_:__'_ "

The output of the scan_er, _s_e_ to be z_e;m_!_nall_in "ti::efrec':_;l_"

range bet'r."een 0 and 23,0 kc, s._qpiltudez o moc_iate_ e ,..:.
carrier in a b_.le..ncedmodulator _e balanced moduL_•tcr s........_,._ ......

the sube--_rier la t/ze output, thus producin_ a dou_l ..........c_........ ,

suppTessed-carrier (DSB-SC) si&u_zl.. The ]ever _ideb_1 of __"_.,_.:,

signal e_ends _rom 80 kc to 3LO kc, the upper sideb_,_ =- Z'2=m

310 kc to 540 i_c. The DSB-SC signai is %_hcn Da_zsed ........,_c,.,_n _, '

vestigial side,and filter _Ich passes _-he lower end Of the

lower mod_u!ation sldeband (80 kc to _30 he), prcvidez fcr _;_ .i.Luea._"

roll-off be_aeen t_he upper end of the le:_er si_eband _=.-_,,,4...._,.__,:

end of _le up_cr si,_b_nd._. (i.e., in the o_O_ i-:cto 350 _,--......_ "-"__'•"-_,--.,_._

_n_ reOccts +_he upper end of _he upper sideh_nd (i.e._ frequ.cn:_!e_

gre_ter t_m_u 3.00 kc) This vesti.glt.! s±de-_,-nd ......C

(_SB-SC) _gnal is then passed thro_:__ _ ___.b_-_-T"_S,_._ei_+_,'._._, _h.t=h

passes frequencies 5bore 5_ Me. By _="_ si_qq£_is at _"_ .... e_'_i.....
belo%" the no_m,1 lower end of the lower _a_b ._ " "_ _ ......"

t/_e _me effect as ,raninput !nu_-,;-pass _ _,.---w__th cutoff _t "'::-'_ k_..
it is included in the .svste_ to ai_.evlat_ *_'__'i_'pu_ _'_"__._':-Tr_--,

quirements. The V_B-SC sL=__r_alis then _ed _,_a _ ,=_:::_,._- ,.._ =_,_

tone and withh _ performa_nce telemetry si&._l tc. deri-_e +-h_;z_r:_--
posi*_e r.odul_tlou baseband S_o

_e p _ilct tone. Is a _8 _ubz_alt!p!e of t_e _ubcnzr!_ ;:;c.'_,)m.:=ey,_

,derived frc_ _e sul;c_rier oscillat:,'r. !t is trnnsr'£L+_ec! ::c _e-.

-.._._ea ref£_-<_nce foz" the re_ener_tion of +_e 5"oZoC,_'_'I_:_" _._i

req_d i_ the d_._r.o_/l_tlc_ process°
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radiated by the high-_aln antennz (3 foot l_u_abol!c _lah) of =-•

the s_ace_ ...... ,

The receivin_ stations on F_rth will utilize the DSiF am_ ._nm_a •
o

an_ receivers, to_ether vlth the additl_nal Lunar Orbiter prc_r_.m-

pecu]dar equipment necessax-# for the recovery of the '_mo.__3ulatL_z

signal. The major functional components of the receiving s_:_em

8a'e i_di_te_ in Figure 1_.11.-2. The DSIF paax_b_llc 85"ft. a.nte_ ,

receives the phase-modulated signal free hhe spacecraft. _ze

signal is amplified in a manet pre-ampllfier and is _rnt_-ansL_te_

to an intermediate carrier frequ_xcy of 50 mc in a 3,3 mc ban_x_dth.

The 50 mc phase-modulated signal is detected "in a frequenc_-f_:_m_k

receiver, the output of _h!ch is the received _erslon of the _d_

ulation baseband. A bandpazs (80 kc to 390 he) filter sepoc_v;;e,_

the VSB-SC _ieture slg_._l, _hich is then applied to a _al_nced de

modulator. The local subcarrier frequency inJecte_ in_;o the

bs.la_ced _emOdulator is coherent with _he subcarrier freque_nc_- _Sel

in the zodulator in the spacecraft. The cchereney is achieved _-
phase lockln_ the _. 8 frequency su_n_itlple of a _lO hc Ic.cal

osai_tor on the ground with the pilot tone recovers6 frc_ the

baseband. The output of the balanced demod'_u/_tor eontalzs u_o

sldeb-_uds. The ]zm-er sldebnnd extends from 0 to 230 kc and is

the desired video signal. ?as upper sldeband, extendir_ frn_n

390 ke to _ kc is rejected in a lo_-pass filter follo'_ng -the

balanced demodulator. The video sicnal is then passed thrc.._gh _:,,

phase equallzer_ _hich network compensates for the group-deZ._:_._

variaticns incurred by the si6na! in _he vsrieus filt_.zs of the

system. The output of the phase equalizer ccnsti_ates the re-

ceived composite video signal and is supplied _ _,e gJc:_ud ::-_'_-on_

struction equlpmemt (GEE).

Slgn_l _roces_Ing

Signal processln_ by the co_mmlcations system c:_,ube best _::L_&

by followln_ the transmission of a si_le _ _u_ _,, -_'"_ _ _'' .

throush the _unctlona! elements of tile s_stem, s-_'-,'""_'-__,_..._:; _i; _i. _ "_;.._

put from the scarmer and te_-minatln_ at the cu_ut Tr¢_ the T/:::c_

equalizer. _iuce at %J_e present tin:e t/_ _:....._ _',-'_o_,=_=--n_ cf ....._= ._,t_._.-.I

hardware has not progressed tO the point _t uh!ch a_tu:u- fi\t_2

as_d in- the _fosequent ,_Iscussion_ _e d!scr<_wazc_" --._u_......_ .,;_ __?

n_Ise _o_r calcula_oza®

- -. _ ...... ._...-_.,_K,_O °. _......... L ..........
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Signal 1"recessing :In the Sl,ace,m'aft.

the s_n_ is given

va (t) = _ _o._ 0.._--1)

be ba_ced modud_tor n_uitlplles the input by K12cos C_t _ _s

being the subcarrier angular frequency: .... "

v2 (_) = _ co_a,_ eo_0_',.. ......

lever sideband upper sldebe_d

If the __c!mtu_ mo "duS_tir#E frequency is desisnated by <;_.-"_',cqc/_.tian

(4.4-2) shows that the spectrum of the output of the b__L_ce.d

modulator lies bet_-;een_S-_ and _ + _JJa-. _kn_ric."_-l-I3_, 6.)-acorz-a_

_ponds to 230 kc, zo that the prece_iin4 _'_ ....._:.e._cy !ir4ts ccrre_pOm_
to 80 ke and 540 kc. The side_nd filter F! in Yl_re 4,_-1 !_

characterized by its amplitude response AI (_0) &zd it_ p_mge resI;-_nse

_ (&)_. The ide _alized azplltu_e re_f_onse is defined by-

-_Ob- _oper vestigial sideband -_-_ .......

with _ f = .. 80 kc .....
L"n"

The .idealized phase response of the "v_SB.ii_._ i._ gi*_e'.:by

.o

The filter r_s-ponse, cD_racta-rized by e_2zatic_

has "the gol_c_ng properties:

I

RVV' SYM__ , _....
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where =0 _ _< i and

=t

, 1o_

Al__ow_ng a deviation of 3.b zu,_*i_ns, the a[ _z'_:.i_=-t,? kJ b_b&Jid'th
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_ue re!atlomah!_ between the signal amplitude at the output of '_
transponder (A6) _u6 the amplitude at the input to the _ ......_.......

(A8) is aerlved from an evB.l_tiom of the g_a&ms and _os_es ,_ tha
_F iLuk. _ble _.4-I summarizes the parameters of the RF li_u_

R-F Llnk _-ameter8

i

- o. cb

_rameter Nominal Va!u_

Transmitted P_er (i0 _ttm) hO _hm

Transmlttlng Clrcul_ Loss - O._ db

Transmitting Antenna Gsdm ÷ 23.5 Cb

_mlttln_ Antenna Polmt_E
Loss - 2.0 _b

Space Attenuation @ _ me -_!l.3 _b

Polarization Loss - 0,I

Reeelv!n 6 Antenna Gaim + 53.0 db

Receiving Antenna Poimtimg
Eoss 0.0 _

Receiving Circuit Loss - 0._ db

Symt_m Perf_wmamee De_adat_m

.- Margtm - 3.0 _'_ - 5,._ _

•otal Received Power -100.5 dbm -_2.9 _

I

! 1

While most of %he it'_ms Lu the Drecedi% _bL•; _ze _:'--_: ........ _'-'_.-, _

the Bystem performance de6Jradation za_'gi_t ...... ; -_ , " ' " " '" "::::'

cation. Initial system requ_Lrements sti_ted a 6 db _.:_t_ .

marglm in the 3_nk anai_sls to allow for tol_.nces iu the i_)t

parameters. Recently_ a requirement for ,_ 3 ,a_ _r_ ot_ _ th;,_

worse-case !_L_er va]caes _has been _6-zocc_te_, I_.._._±_r t_ c_,_u_

pare both n _cmizai and _orst case pe_for:_ces c_ the s_ b;i_!z;_

3 db figure is used _i the preced2n_ _I_I__L'_o

The nbove l_nk _,nalys!s establishes th_h in the z_u,i_nn!,e_Do. _ "

REV SYM " i
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S_l Pzocessin_ in the Recei_L_ Eq_tImm-n_

Bet-_eea antenna input terminals and the _scri_tna_ of ths _

modulation receiver, the form of the signal remains %tnch_.ea_

g in _ IF I_" amplifier and receiver, and £u the _redete_
portlon of the PM receiver. Hence, at the input to the dIscrlmin_ |

t, he st_ml is gtv_u by ... |

Vg'_O := _;.'vs_O ,.. ' " i

Under normal operatin_ conditicas _b, em the si_l-_o-nolse _a,_±O at

the input to +.he _iscrlmln_tor is 6_o_e a threshold _s32_e _f-_-__,

the ou%-_r_ of the _M _celver is sive_

.

_herefore, equation (_oh-21) c_u be z_r._-_ittem.,a_

v,,i_) = _., K,.o _, _, cos, .._ -

,- • • o.

• : ,¢,Z
..dl

1 - . C_
I sec_. | _-_ 10.5 . "



j

The balanced demod_tor performs a multlpllcat_o n of the receive@

video si_ vlth _ locally reproduced subcarrler. Desi_ma$1_E th_

.1.oc_ osc_lJJ_or s:t_a_ by K,Z co.5 ( _ l: ".pY ) , ,,r',_"_h '_ der_otJ._ the

phase error of the reLusez_ed subcazTter, the ou_ut.of the _e_

v_z(_) = K,z. cos ( _,_ +_'). v,, (_) -"

=,p_

The ;_ov-_ss filter F-5 passes ouly the Izr_-frequ__ucy Ce_T_Omer_;s of I

Urn.lit:) , reJectLu_ the slde_ds about the secona hsz'_m:_o _ +../_
local oscillator frequemcyA

- °

"_ere

The effects of the subcarrler _e_ion phase error _' ._--_ _=

cussea in Section 4o_.4.3. Assu_ ideal oper_ti_m, _£÷._._ n-_

subcarrier insertio_ pha_e errcn"

analysis, vhenever it vas stated that _ filter has uo _.fP-_-ctcn

the signal sha_e, it _as assumed tha_ _he pha_e re_on_ of th_

filter, has the £oz_ _(_):-_a). Since _ctual filta._ d_kr_.rt _z,'r,_,_
this idea& _b_se eJ_z_teristic, output _e e_=_ti_ _-:=

necessary I;o obtain and emd-to-end phnse resgon_e off the ide.__-

form.

The flmal output of the ccm_.anicat!ons s_tam is thus gi-_u by

_. -=.:.-f,-:... ;-, _ -,_..:, ,_.

UI 42.1111 _000 RKV, a/@2
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Noise Effects

Nolse Soarces
• ..

Noise im t_e cc_cations system arises pri_cip_-lly f_m t'_

sources; (I) noi_e _en_r_ted by th_ receiver and (2) th_

radiation from outside sources received by the receiving _ntemn_-.

Both types of noise in the DSIF receiving system have been

measured and the following noise temperatures have been obtained.

With the antenna pointing at a "quiet" area of the sky: the sys_

noise tezper_ture has been found to be 55 e _ lO" K (Reference i)., l ,

With the antenna boreslght aligned _ith the center of a _all m.,_X_ '

the system noise temperatare h_s bee_ found to increase by

!lO" + 25 " K (Reference 2). Therefore, a system noise taurpe.ra%,1_'_

of 16_" K willbe assumed for the uomimalc_sew_Lle 200" K _411

be used for the worst-case calc_domm, l l

Noise Processi_ _

'l_e noise appearln_ in the output of the c_caticm _tem i_

calcul_ted by finding the output of the receiving syste_ -w-hen

transmitted signal consists of am "ammodu.!,_tea carrier.

_e noise power _enslty referred to hhe luput of _he _ r_celw_e

is _ivem by

_here ]-S is the system noise temperature in de_ee_ K:_ an& _._= LST_:_
Is the Boltzmann e_ust_mt

At the phase modnlation rece!ve_" (Point -o. ._

_s result of the bandlimlting introduced by the _o_ ....:_ '_ :-'_

of the DSI_ recel-_-r, the noise power _-nsity iS _pi_ by

Wz ('D

u(O-

iCo .

a unit st_ i_uctiau

ImtermcdLatefrequency(5C_c)

The noise p_wer contained in each Lufln!tesi_l fr_-_u_:z:c : _:i_--_°'r_

of W_(_) _ be assumed to be c_used by ,_, _Luuaol_al _oize '-
vol_e n(O:

n (0 = e _ cos 2_r& t ,_'_

Ir_,v"c,rlm.zceof power _ t_e _r!ous rep_es,_.ntat!,_ of noi,_e _,_

u_l 4211_ ;_ooo #F_V. 8/1_.
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Since "'uJ;has both _osltive _nd ne_tive _lues_

eanbe, revrittem '

• _ ¢=_.. lover _i_eb,._a

>. _ - ._.,',_

the corr.espond_ S noise voltises ?..reincoherent. P_c-_._ OT_ %_._

h,andlimltiz_ _ctlon of The bendp_-3s fllte_ F-/;_ _=he do_in C,2 _'_ ÷%

iS 1"estrlcte_ to d%_._.<c,>'_:GD. Hence, the ulcer sid¢_ _ ",

R_' SYA4___._____.
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At the output of the low-p_ss f_ter, .thepower Eensit 7 _pect_a , |

become_ . " _

!

The final ou_ut noise power density _pectz_m i_ likewise _Ive-_

by equ_tion (_._-43) since the phsse equalizer has no ef_e=t

the _ower spectrum. Figure _._°_ shows thn ou_put nmise _o_r

_I

Ip

• _.;./-- _'...

I

_o_

U3 _ 2_0_0 n_V. S/42
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Vi_o Sisnal-to-Nolee R_t'.o
. . _ - q

Viaeo sisnal-to-noIse r_tio is obtained by c_ic lu!_tln_ _.e ,_u._/_u_
signal pover from equation (4.4-R6) an_ by _etermlmlmg _he _a_pUT, _
noise po_ from equation. (4.4-_3)

".g.

KR K5"_ {s (k ' ':"' j_. ,-4 _)

4¢
_ence, the v_eo P_ _Ignsl to F_ noise _e=" .... '-_'-_I__ _ is given by

_he foLlx_Ing _arameter value_ a_l_:

KB = z.37x

C - 8.9 x ZO-I_ wattz C _- 5.1 x i0" ">vat.t_

(S/N) out : 29.1 ab in the zo=_ _._

For slnusoldal _:Vut signals _he _oove .,_t _u.m s_..':._ ,-':.-._uc_.c..:::-
ratios can he converged _-_t4) pee_-peaM/F_,.'Z _!g_l-t_-_e:,_¢ _%, P.ir:c

by aMaa_ 9ab _o the above _es.

Relative Output Noise Power Dee_!ty

_e noise p_.'er d..n__ty a .... _ ...... u;, _ ........ ,_(_ _ " _"

factor appears _m -the ez,._,r:]ssiczfor the ¢_T.p'dt _-_ -_ ........ "_

the noise 9over ,_--,nsit, y cc_Lzbe e_e,_,,_d in t_-r_q cf c'i%_,ut ........_'-

....... ?u'.'_-'_f r_:'s '_i "_'_-':_;.Jt;"-_,- :._"
;:5z C -

V
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With the parameter values u_ed L_ Section 4.4.4.1 and aseu_

an output signal powe_ S out of 1 watt, the relatlve ought noise

_eci_r_l density (in watts _er cycle pet w_tts output e_) ia
gi'v'en,in T_le 4.[_._.. - "

_TAT!_E O_ NOISE POWER __
__CY _VAL ...... .

NOMINAL WORST-C_
. i. ,. , .... u , .......

0 - 80 K_ 7.89.: 10"9 16.5 = 10"9

80 K_ - 230 EE 3.91 x _ " 9 B " _ = _ "9 " 1

The si6nal power at the input to the phase _e=od"_L_t_r is obt_L_e4 [

from e_1_atima (I¢.II,-_L,9); II
z. z i

[::'_-"_KgA @ - K,C ]
!

Noise power density at the same point is _Iven "by eq_%ion (_.4_0). ] ;

Hence, the noise pc_et is | .

._o • z- . ;.. " ' I

N?_ : ] Wz({)al _: _ K9 K_Tsa_ -- K_KST, _,_ I

-- "! "

_he si_l-_x}-nolee ratio is hence

(c/_) = -io0.5com + llZ.2_,_ = m.7_

Si_, in the _ors_-ca_e

(C/N - -16e.ge_ + ll0.h_ = 7.5m_

Assumin_ _ phase demodu!_tor (?_._B) th_shol& of 7dh_ i_ iz

seen that, together _ith the 3db perTormance mar_in _a//_¢d
for the system _-adatlon, the si_r_l mar_in at the de.._edul_.._"_Z
Is

D.7 - 7 + 3 : 6.7 db _.n the ncm_n_! _--m_

_ 7-5 - T + 3 " 3.5 _ Lu '.ha _c_, _ .

,f

4
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Am _as shc_a in Section 4.4.2.3 (equation 4._-2_) subcarri_

Insmrtlon phase error _ causes _n s_litude distortion factor _.f_.

V¢ '(_o) .,
. . . _.

_m.x/mum amplitude distortion occurs _herm E B 0j 1.e._ _hen the
signal frequency Is near 0 eps

phase distortion occurs =hen K = I, 2.e., fur sis_sl
frequencies between 80 KC and 230 KC, Then

Tn the design of the communications s_._te_-ma_i_-_ al!__ble _._d_-.
carrier insertion phase error (3-o_ v_lue) is i_,2% Hence _',"o--,

of time the maximum amplitude dist_rtio_ will not e_ee_

(cos = -

Na_Imum _elay variation _ _ot excee_

= 0._4 mi_o-seconam

l

| _,'o,. - _, ..........
!
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.O Image Smear

In order to re_llze the hlgh resolution perform_Luce des_e_

into the LOS photographic system_ It becomes essential to

minimize relative motion between the ¢_tlcal _ma_e and the

film durln_ exposume. The effect of this •motion, of course l

would be to produce a blur or _mear in the film _ma_er_=

It has been shown by Scott (1) that motion of the Ims_e with

respect to the film which is directional _ud contlz_/ous dua_
exposure can be represented by a modul_tion transfer function

of the form
" sin X

- -z,

The motions to be analyzed for this system can be •considered

in terms of image motion alon_ the direction of flight and

those components in a perpendicular direction_ sometimes desig-

nated as cross image motion. The major source of Image motlo_

of course, is that along the direction of fligh% due to the

forward motion of the vehicle in orbit.

The relative velocity of the image in radisas/sec, is mea_are_

by a V/H sensor. The sensor provides this signal to the image

motion compensation (I_C) drive unit which moves the film at

the correct rate durlug exposure to minimize image amesr. A

realistic error considered for the V/_ sensor and IMC dri_2e i_

performing their functions is taken to be O.5_, 30_, for esch of

these components.

Additional factors which contribute to the imaze smear are

associated with the attitude control syst_u. A p_x_ion of _e

smear budget must be allocated to these contributions. _he

random attitude pointing errors_ 3(7_ are set at 0_5 d_gree f_

yaw and roll I and 2 degrees for pitchj _hile the _tti_'de r_te is

taken as 36 arc-seconds/sees 30-"-

A chart of the designated smear bu_zet in terms of err<_r s_._cifi -

cations and Image smear on spacecr_-ft film/exposure ti_e is

shown in Figure 5.O-1. This da-_a is for a V/H rate _ssociated

with 46 km and a 24 inch focal length optical system. _x_ is

included in the chart to permit the calculation of the _ne_:

effect under "_orst case conditions. This worst ease wcu!d include

utilizing the maximtun e_q_osure time of 1/25 second, 5{_err,_"

values, and the smear at the edge of the format in terms of po_t-

IZ_ errors,

A _oup of ad@dtlor_l factors, -Which _st be consid_re_i in _,_m

smear analysis but coutclbute Ludivl_nally to a lesser _:ctent _=_ .

lumped into on:_ a_taO. These include vlbr_tion_ scan !inesrlty iu

_pacecra_t and 6r_ md reconstruction equivment, jitter tol_anc_-_ e+._

(1)Sc0tt_ E.M., Pho_cl;_raphie Science & Englneeri_, Voi. 3 _,c_2_ . >0_9
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Contributor

V/H Sensor

I_._ Drive

Roll¸ Rate

, L , .............

Ims_e Plane of e&" lens

J

_En_

o.p_

o.5_

sec/8_

Smear

Along F14ght

_7 n_cmns/sea.

let

Smear
Pe_en&t_ .-

, refit

Pitch Rate 36 eec/sec

Yaw Attitude 0.5"

Roll Attitude 0.5" at ed6e of

lO. _ ankl e

Pitch. Attitude 2.0 e at e_e of

2.5" .half a=_

_:Additional Factors

(vibration, _itte_

scan _linearitywetc. )

(3o_)

Lunar Surface 1 i/2" pitch error
curvature at each end of _)

frame burst

Io7

i,

52

2OO

294 mlcrons/sec

38mlcrons/sec

\
\

\

2CO

Worst Case Tot_l

Wors_ Case smear

(3O_errors,ed_e of fialA_

i/_ see. e.-'I_m._'e)

Worst Case "Predicted" Besoiutlom

N,cmlnal Case Smear

(l_errors, on eadr'-a
1/50 see. expose) .

N"omiz_l Case "Predicted" R_-_olution

*See tam%

3_q mlcrons/sec

_t eO_e of 2 _L2*

half an61e

13.28 mlcr cus

1.6 meters (_ 1/2")

_t e_e of I0 _

h_2a.n_le

:12.8 _craus

_"_ _ _'-' _,,.',l --..

}'i_;_re 5.0-i S_AR
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5.0 (Cont'a)

In order to give an indication of the effect on resolution at

the edge of the format for the worst case smear cond!tlons_

predicted system resolution _as obtained by inse=-tlng the mo_a-
latlon transfer functions for these smear values and for the lens

off-axls. However, it should be emphasized that the off-axls

performance of the lens has not been measured and this cux-_ is ._

only postulated. The resultant '_redicted" resolution then

becomes only an indication of the expected value.

The Root-Sum-Square of tale total smear bu_et calcu_:b_s out

to be 320 microns/second_ 30_, for the llmitLu_ direction _'b_.i,_/.% ,.
is perpendicular to the llne of flight. For purposes Of nozlzal

condition signal analysis, a l_value of 107 mlcrons/sec, is use_

The other parameter of i_ortance for the smear analysis is the

exposure time of the camera. The nominal exposure t_re_,is 1/50

second which corresponds to a scene brightness of approx_imately
200-400 ft.-lamberts*. Thus, t_.e nominal smear considered in the

Image during exposure is the product of the 1/50 second expo_-__

and the l_'smear rate of i07 microns/second :or an !mag_ spread
due to smear of 2.1h microns. The transfer function for this

image spread is plotted in Figure 5.0-2. It c_n be seen that,

in the frequency region of interest (76 1/n_) for the total s_tem

output, the modulation response for the nominal case is O°_6.

This would result in decreasin_ t/_.ef±_ml resolution by 2 lines/=n
which is insignificant in terms of other transfer functions _-ud

the accuracy which can be associated with the v_ri_us d_ha.

In terms of the worst case conditions aszoclat_d =_th _s_a_;_

errors and 1/25 second exposure time, the _._ for the pe:_ndlc_r

smear of 12.8 microns which would be seen at the ed&e of the _L_

half angle field of view is plotted as _he _ashed line in

Figure 5.0.2. This smear would limit resolution to approx_=a+_._l_
lines/:=,

aSee Figure 3.3-1! for estimated sce_ l_:e profile.
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The XA_m_r orbiter will be subjected to c_c_A-istics of _he

space _uviro_m_u% which are of concern to its pho_hi¢

capabilities, during %a_asit to the moon_ and vhtle in

orbit prior to completion of its pho_phie missi_no Of

primary concern are the effects of 10miziz_ ra _iatlc_ ca-

countered durinz transit throu_ the belts of _eoms_netic_ ,

tr_pped radiation near Earth and .that ori_imatin_ from SO_ r
psx_Icle events. Ib_iatic_ reachin@ the film z_sults in fc_: i_ ",

the photo_x_hic film Vhich deKr_des contrast and thus resolut_.

1

}_teoric psrticles aa_, near the moon_ eJec_a from th_ imp_¢%

on the l_mer surface .my also co_stit_/te a _--a._-to _he phot_-

_caphlh systam by dams_e to the optical su_f_ces. Ea_k of dats_

other than mostly conjectural or _uferred_ ca th_ flux of such -

particulate matter near the moon makes the extent of %_I_ haz_
diffXcult to es_Am_e,

°.

..& •

.4

_. ..-

_SECT.



@

6.1

6°I°i

6,1.!.1

6.1.1.2

_aa_t_a

_diati_ Eu_%

The major radlation sources to be considered in the card, Is of

the Lunar Orbiter enrlronment are: (i) Ee _oma6netically trap1_ea

radlation, (2) galactic cosmic radiation, (3) solar _a, (4)

solar particle event radlatiom and (5) solar electromagnetic

radiation. A brief description of the _act_istics of these

radlatiom sources and their _utenslties is &ivan 1)e_.

Gecamgneticall_ Trap._ea Eadiat_om
/

Ge -oms49aetically _apped radiation, often referred to as _--_ Van

Allo.n belts, consists of charge,l p_ticles ta-a_ped i_ the -"___h_s

magnetic field. There are two spatially sep_%_ated regions of I_

flux, often referred to as t_e "inner" and "outer" belts.

p_rticles are predominantly protons in the inner belt and eL_.c_-_as

in the _uter belt. The energy spectrum is a ec_!21ex function Cf B_
L space. Sophisticated computer pro_ ha_v_ been devlse_ t_

predict the r_diation _lux and dose for any mlssicn trajectory.

(A:_-[L-T_R-64-71). Nine lunar orbiter traJecto_--ie-- -_hlch coF_2, tha

anticipated r_es of Im_ectlon conditions _e_re processed b.v th_

_ajectory and environment code. _e f'lnx of each spec+2al ty_m of

trapped radiation encountered was calculated and integrated ov_r

these trajectories. The injection conditions of each of ti%ese

trajectories are given in Table o.1--. The enco_mtared Ibaxes a_

sit,Ely trajectory dependant. TraJec_rle_ hUmbleS !, 6 and

pass through the inner belt aaa encounter excessive flm_s of

penetrating (hard) radiation. Tr.aJect_rles n_bered 5_ _ _d _

s'xi_--_the irm_r bel%, but __ucounter mode_te f_luxes of thw _s_ =

_ene-hr_tin_ electrons (so.or) _d pretozs i_ ÷_./'eouter "c_.!-_. _A_

rema_ trajectories zumbered 3, 8 and 13 ezc_uter s_!_icant_

io-_er fluxes by passing _cu_h _he e_ge_ of bo_Ja belts, _.hnz

eacouatering a spectrum intermediate bet_eea the her@ and sol _.

_ectra. The fluxes of each particle type ar_ ahov_ in Table 6.1-_

f_ each tre_,_eoto_--y.

Ga_ctlc Coamle _ti_

Ga_._ct!c cosmic radi_tlon consists of ecmpieto:]¢" ion_ze_ ._.tcr._

nuclei. It iS _sblnqulshed fr_ ether faction in the vlc_ty

of the earth by itz slow _.tme vcrlation (3! }_c_= cycle _ _t_.-

¢orrel_tlon to _an_t ey_!_), Its flat ener_ _-_ec_ zad its

origin from outbids the so_ system. _e ez_.'.,_r_e_'u_ mf

E_lact!e co_Ic ra_atlcn is given in F_4_re 6_1-I. Not_ t_r_

_tic energy i_ _Llven Lu terms of electron vo!tz pc_: n_'In_.u_

_ne _tle CO,wait rBd_%tio_ model ezr_)i.O3'-_df_ +2ai_ s_r_f _.__

glv_U Im Table 6_i-B. _e rad!atlo_ dose fr_ _._ ec_c_.z_I.¢

radiation insld_ t.b,e_ or'oi_._r is appro_mztaly 0._; to LO z-_

per m_.h.

* A reference _caza for t2:c _,e_etic field _ _hlch B is _ fle_

strength an_ L the e,_.-__._.__ _stance ,-_.._the f_ _.s,,

L;R, ¢.2,Q@ 2000 ,R_V. @/$_

REV _ • ^_.------

•L



I

L .0
!J
I

0

4

"I

, i

, .. ' ." .

Trajectory
l_umber

"'I

. .. l ,

°.

I_cldnatlom

Z8.t_3 _

-'8. 3

28.43

30.2

30.:_

33._

33,_

33o8_

. L

"i



O

°

; . - °-

LTa Jectory Prot_s Elect_ons Pro tons
E_m_r cm-- cm "_ am-2

(_o _._v)-I (.} _) (5-2o_y)-z

De scriph_o_

Penetrating _e_

L .

_ _7_ _ _.___on 3._o8 _=_

3 2.67_i0 _ I.6_0 !0 2.07_I07 F_der_._

5 2._o 6 3.39_oI° _ ._o 8 soft

6 4.5_xZO6 1.53x]o L_ 3.57xlo 8 Har_

8 5 -60xi04 i.56x10lO 2.30xlO 7 Moderata

i0 8.47xi0 _ 2.8_ _z_OI0 3.65xi08 Soft

"L! _,.ogxlo 6 l._x!o lz 3.o__o 8 _m..-a

13 5.99xZO_ I. 39xtoI° _. _-xlO"

z.z6_o _ _,._xzo z° z.oTxa_ 8 so_

TRAPFED RADL_TION _IIE(ES ENC0bTI_?_[ED BY _ _E_ (LRB_

I
I
!

!-
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It ![e Li3Be_B C,N,0_F

879o

8790

8160

7850

75_o

691o

_710

22oo

697

816

5_

500'

24o

io5

5o

z6.3 53

,qP

12.6 41

ll.o 3_

9.7 31

8.8 eT

5.3 I_

2.3 6.9

.78 e.7

.53 1.8

FLUX (IF COSMIC RADL%TION

pARTICLES PER _ PER SECOI,D _ _-Y

C,EEATER TSAN E

18.2

17

14

13

1i

2.0

6.0

2.7

0o60

I
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6.1.1.3

6.1.L_

The Solar Wind - (from Planet Space Sci. Vol. IX No. 8

Aucust 1963_ p _5)

Solar wind and storm estLmates have been obtained from observut!on8

of th_ zodiacal li6ht, ripples in certain comet t_ils, %_Ist!ers_

time 3m4 between the onset of solar flares and F_snetie storms#

diurnal vnriatlon of cosmic radiation; Doppler broadenin_ of

emission lines in aurorae, cut-off distsulce of the geomag_uetlc

field, etc. The extensive literature on this subject was revi._._ed

previously. From these dataj 0pik arrived at velocities for th _-

protons and _-particles in the solar wind of 200 tO _00 km/sec .

with a flux density of 109 protons/c_ _ee (210 eV, 50 protons/cm D)

Parker stu.mzarized the situation by statln Z that we nvnst be pre_Ted

to accept any density value %;i_ilLn a factor of 5 of 3o/_m3 _d

velocities within a factor of 2 of 300 _A/sec for q_let se_

conditions. It is estimated that the positive ion f!ztx is _5_

protons, 15_ _-part_ic!es, 0.i% oxyzen and carbon, 10-e% nitroaen

and silicon, and lO-_ ma6nesium, sulphur and iron. • .

Recently_ direct measurements from space probes have _e_ _.,._de
a_ilable. With Explorer X a p_rticle flux of _ x i0 _ to _O9/_

sec was measured outside 21.5 Earth radii from the Ear_h, The

protons pes2, at an energy of 500 eV under quiet conditions and

their enerzy increased to i000 to 2000 eV durln_ a solar sto_ on

279March 1961. Lumd_. II encountered a fll_ of bet'._en 2 x .1.0u _md
i0 /cm 2 sec un$11 it hit the Moon. The most extensive d_a came

from _hr_ner If. The electrostatic spectrometer showed that a

p!a_ma flux from the direction of the Sun was ne_-rly al_a_ pre_e_uh

at energies of ]_664 and 2476 eV. Y/_IS corresponds to proton

velocities of 563 and 690 km/sec respectively. In a two-mooCh

period from 29 Au_ast to 30 October 196e, eight geor_netlc sto_n.zz •

were detected. The plasma density in i sto_-unon 7 October i0_2

increased by a factor of 5 and returned to its pro-storm v_iue _3_O_t

5 hours after the passage of the Inlti_l front. I_zy of hhe q_:c+_--a

show two pee/_s. The lower volt_ze v_,_m_ could be due 'to prc,tens

am_.t_l%e..hi_her due to _-partlc!es. For quiet condltlcns_ _ ._l_:_m_ "

flux of 2 x !08/era2 sec seems to be t_ice.! in the re_icu be_;ee_ "'

Earth and Venus orbits. The solar wind model employed in this s-_ady

is given in Table _. The ra _diatlon dose to the film of L,O. is _ ,
expected to be negli61ble from this source.

Solar Particle Event Radistiom - (largely from ?Z_-90_9)

So!_r particle event ra_%atlen refers to the encr_ietic _;_tici_;s

ejected from the sun during, or zubsequen_ to come so_ _ f_'_ez,"

These particles have been measured by count,s _d by nv.o!e_%"

eaz'_lsions. _Anel}_is of the history of the events amd oth_ dz.t_>

notably ri-_cter d_+_, permits _=u est _imation of the teb_%l pr._.icle

fl_'_xper even_. The particles reachi_ the _. in the_.a evcut_.

_v_ been fe-_zd to be pr_ily protons in _ost eases "_luh _ma_!;_

concentrations of a!p___ _artlcles and heavier nucl_i _LTes_%. L-_.
a few events_ the alpha particle _oncentration has be_, _te _;_eo.

R_V _'_
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In six events the ratio of alp_s to protons at constamt ri_i_i_y

_,--a_a._rcxdmately L .. ._'.

The differential spectrum of the per%ieles ean be ex_resse_ as :
,° :,

P/th_ "
. . ,L

dJ . dJ I e #

clP dt' | o ?-

vhere P - (momentum/charge) is the particle rigi6ity, _nls can

be converted to a differential energy spectrum by uslm_ the

relation P - _Z (_ +2 ME)_'.:_:, where'J is the to_a! i_tea '_
intensity in an evamt,. "? • ,. " ' .,.

Thus B

- 1 _

| o

This spect,-um adequately fits the spe_ over the enti_ _u_-"

retake at any time durluS the event. Ho,_ver, dJ _am_ Po are b_th,

9amctloms of tlm_. ._P. _o " 'i"

Early in an even% the _o_ energy component is s_l!. L_te_ the "

relative number of high energy to lo'_ energy particles de_e_s_.

Thus, Po is large at first and later decreases.

The time behavior of an event is often vez_, c_mpllcated_ e_p_-io/ly

in the case of mul_ ple events. For single events_ the time de- •

pendence of Je c_u be approxlm_ted by an ex_0nentlal decay both ,
forward e_ud back=card in time from the time of _-.Lmum Jo- The ,_

'_, "_"- time) v._,._.e_: !e-foldln_ ccnstemt for the increasing f _l!u_k._ega'Ca_,_
from 2 to 30 hours. For the decreas_g f "lux, the =on_bam_ r'-,_,o__;_s
from 8 te '40 hours. The location on the sun of the f_leme _h!eh_

produced _the particles strongly _luences these time ¢_nnts.

Flares occu-_rlr_Z on the e_st llmb of the sun "n_v_ the !o_k_es% _.

constants whii_ those occurr_ on the %'nst _ h_ve- th_ _hor-,est_

Tae time delay between the flare _nd the arrival of the f_rzt

particles _a!so depends on f]2_e location. Part_.les from eaz_

flares m_y take 3 to 5 hours to reach the Earth_ _faile w_x+,Icles

_rom west llmh flares typlc _a!ly require at most a fe_ _dmutes +m

one-half hour_ The txansit time of the _rticles is _uch /_%_

_o_, _, st_t trajectory-, This is _ z,_-_ltthan _ou!d be _.air=d for

of e-_e twlsted_ _;ea/_magnetic field _that e_!sts be_een *_he _m an_ i

the Earth. This field is equi,_t to a gc_._.xn_ _,..._.*,--,
!

_hlch _he particles _ast dif_ase. _.r.no_ ths field is hi_"'<'Y:"-- i

!rreguls_ _, it haa some syrmnetry. The @utwemd stres.m!nZ of _'d:eso!_-" !

_-in-_pulls the field out from the suz-;bile the rot_tic,_ _f- the _

co _l!s it into _ _pir_l. The d...erm-e between the t_z'_ com_v_u,'_

of the east llmb and ve_t limb flsres is _Ined _u _ .'_iz_. ".,,..

__e east llzb particles _st difi_ase _cross the coilea fiel_ llu_s

_!l_ t,he west !_mb pa._Icles cau _c.re. closely follow the ._,x__ ,.""

_lines to rear/_ the Earth.

_ .> "
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6°I.I.5

6.1.2

_J ,,

__b!_ 6.1-5 _ives the peak particle fluxes and char_ct_riatic

r_idity for the events measured in solar cycle 19. Table 6.1_

gives the information ava!i_ble on the alpha pa._ticlm flnxes in

solar _article events.

Solar Electr_etlc R_tlon "

High energy ( _20 key) solar X-ray emission both durir4 f_s

and during quiet times has bean measured __th detectors carried

in _ockets and balloons (Chubb_ Friedman, and _epl_, I_60 &,
b, !962)_ (Acton, Chubb, ]_-epl_ and _eklns, I%_), (!4_-e_l!u_

I_i_ !_6ha, b), (Ulnar, _y __nd 24asley i_e_i), (Peterson and

Winc"_/er, 1959), and (Vette and Casa!, 1%1). The observati_a G2

X-rays in tha quantum energy range 20 to 70 Key durimg three

flares accompanied by BID's led Friedman to suggest that _ha

presence of such X-rays _ppeared as an extension of the high ira-

tensity flux of 2 to ID A X-rays, _hich are the realm co_onentm

responsible for flare time enhanced D-layer ionization (S_). It

has been shown statistically by Dodson, He_, and Covln_tom

(1954), Hachenber_ and Kruger (1%0), and Ka_bata (1%1), that

centimster-_ve bursts are closely associated _ith SIDs. El_rt

(1961) theoretically computed the intensity of X-rays by th_

emission from very hot regions and showed that %_e effective "
tempe,ratnare of centimeter-_ave bursts (lO 7 - I08_K) is stu_flc!_

to e_-_laln the X-rays observed by Frledmau durim_ rocket fli_hta®

Peterson amd Winckler (1959) first proposed a nonthermal mecha _nism

for the production of X-rays and _D_ested that the hard X-r.a_

ori_im_te as hr_msstrahl,ma_ o_m_ to the brs/zLug of high v_!cci_y

electron jets in the flare or the photosr_ere. Ym the a-_vm_m+_

of this concept, DeJagaT (1960) predicted a chose associatloa b_-

t_een meter-_ave type III bursts (fast frequency drlftlz_ b_rsts)

and flare X-rays. DeJ_er implied that the passage o_ _YE_ !I_

electron stzeams r_b_ough the corona would be _afficient to irrod,_

the X-rays. This appeared to be confirma_ by subsequent obsea-rz%_

of W!uckler, _y and Fssley (!_i). Table 6_!-7, _c___te:1, l_k'ca
_211n, !96_ b, gives the total energ_v deposited _ cm_ _ s_

_t the Earth dur _ing quiet times and during sola_ flares for

m_a_rea_nts datln_ from.9/2_/_9.

Radiation Dose _o the Film

_ne _zaher_ut shielding provld_d by th_ vehicle _truc_ra am_

equipment must be calculated first to _redict _ad!_tlom Eo_a
to the film of the _iunar Orb!ter. In early ema!yses of the

l_re1_y desi_a vehicle, shleldin_ _s studied by c s_

solid an_ sectors about the camera. It _as found that only t:_

zolid ar_les need be conslder.edo One is es_abliahed t_Z _h= _i_

s'_-uet't_e au_l s_tems, and tha second by the camera, _aek_e a_

_ ln!_+ Subsequcn_i_, the ma_or e_or_ was dd/_cted _rd dete_'m_-

im_ the solid am_le subtended by +_he second sector abo_'e_ %_th

greatest possible _ceuracy. The canter of the film _-_e

a_ the _se point _ the _eJ.ens.
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SOLA_ CONDITION

F0_A :8A_

ASSUI,n]_ _i06 :X

DLSTR I]K)_ON

1/2 hrs. _f%er Class .I

_ (2_)

_te_ (3.0)

q:te_ (9.6)

Class 1 or 1 -

Class i Flare

Class e Flea-e

+ Fls_e_ Max 2239

-2 + _a.are, _.x 2252

+ Fiare_ Msx 17C_

z.7 = Zo'3

0.5 x lO-3

.oo7= lO"]

._x_3x io"3

5.o = 10 -3

z_ = zo-3

Z3 = i0"3

!.O x IS-3

!.0 x 1,0"3

26 x iO "3

3.3 x 10 "3

>220 x lO-3

>88 x 10-3

X-RAY _SITIES

!
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_ctor_ _ss hmse_ upon a coor_te system cen_e_ on

_os_ _ot_t aria with e_ch e._ls p_llel to the currc_n_
vehicle ax_s._ _hls Is _.lus_e_ in Figure 6.1-_ _a_ro X#

Y aria _ are vehicle axes an_ X'p Y' an_ Z' ere '_ose of th_ =Ic_e
poln_. _e _e!a%ion _e%_een %he vehicle coc_din_tes area the _me

poln_a:mefereneed to the center of _he _mmerm packa_e_ a._e_

I •

_he proce_=e use_ in _rfo_ the sector analyz!s =_ L_

_rlnciple, as foL!_,*Js: A po!sr ansle_ @T, measure_ from
-X' axis in the X'Z' plane was aetermlnea as the first Folu_

uheme _ the photo package skin afforded shie!dln_. _ an_im

@ %mS Incre_se_ to @2 vh_re vehicle 6_t%lre a_,_ln Ccntrlb_,.._d
to the shieldlm_. Values of 81 an_ _ _e determined fcure_ch _.De

increment of %he az_mtazl angle, _, me_zed from the _Z' axis

.the Z' Y' plane. The effective solid smile corresponding to _th_%

shieldea _ by the photo pac_e skln_ ZI/12_ was _A
s_:eordAn_ to the relatA_

;J'++

o

i_i-

+. :j._.....

! NO,
• _ _r._,',_,,_' |__ L_2-IOCC93 -!

is the prc_ortlon_l part of the radiation _hlel_.ad.by

the photO_ package skin _here the shieldlr_g is eq_d:,;u.%c___ -
gm./_. The remaind2r, 0.366, is the equi_l_nt soila _

_ne doses for the trajectories conslder_d o:_ the env____

assumed are given in Table 6.1-8. The event chosen a_ nm _le
of the radiation dose received from _ solar particle _%_n_ is the%

Of July 18, i_61_ the eighth inrgest r_cord_d _ the 12_st ei_.-h__o

•he exponentixal ri_idlty spec_ for this event is dasc_l_a _vu_

Jo = 3.1 x 10W p_tic!es/ cm2 sad Po " I_ Nv. _ae dogs et %!:m
film surface for th,z shleldin_ conditions _.mcif!ed is 46._ ri-.,_+-+,+

Since the yesrs 1956-57 _'e ¢cuiv_lent %o 1966-_7 in _he so_ _-_-L_

a s_tistlcal st_._lyof the _o_l_rp__rtic!_ e_n%s in !9_6-_7 _2 _=_. "c_rr.ie_ out° On the b_s!o of this study_ the intesral _-c_hi!i_/ . .

v_a. flux curve in Figu__ 6.1-3 h_a b,_ea ce_uc,ado _ fi_re - ii +
indic.'_testha_ thee is ro_l_ _ i0_ chanc_ of _ecei_-uS & _-."

tlve Z-k_xequlvai_t ,_ t._o sln_le ev_u_ _Ascussea a_. " "
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X

camera package

Y

I
Dose point locate, on in
vehicle coordinc_.es

x = -4.|4 in.

! Y _ 7.75 in. "

i z = 4.3B in.
referenced to center
of camera package.

Ix, -

Dose point coordinate system and sector angle relations
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Tz_Jec+_z'Y Proton E_ectron TC'+/._

% 2.23 6.To 8.93

5 .867 l._ 2.16

6 2.29 T.52 9.81

8 .o],6 .osT .o73

11 _.oT T-_2 9._9

13 ._ .o53 .o_

Dose _le f_r Inuar Orbl1_es_,_chnl_s
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6.:1..3 I_me.._e crlt_:_Js

iauiz_ ra_!atlon (protaus, elec_?ns, alr_ l_A-_lales, a_a
emergetlc electromagnetic ra_tiom) effects photographic film
by _arkemimg it jus_ as light does. Therefore, _h_m film is

exposea to ionizing radiation, _s _tl as _Ima_e-fors_ llg_t,

the effect 18 simils_ to that of any other non-lma_e-formi_
e_sure. In gamera!, the sens£tivlty of film to lomiz_
raal_tiom is pr_lozal to the egeea of the 1'1.1,m.

The res_mse of S.0. 243 f_Im _mployed in the 10 to Co6@ and

53, _, an_ 132 _L_vproton@ is givan in Figure 6.1-4a- 5 an4 -_.
These _ta _udlcates that a damage threshol_ i_ e few ra_s sm_

that the film is "umus_ble In I0 at I00 tad. The az@_

tent_tlvm t_tll _ata on lov e_argy l_otoms_ a_h_ _'tlelmsp
eleo_;z'o_l.cs_ _ electz'o_ic ra,_ta.tAo_ are obt_._a.

U3 ,;_2J_3:000 RF..V. O/l_
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Conclusions

Although the calculations present_ h_ are _re_ in

nature_ some ma_or concl,.mloz_ mawr be _'_uz

The radiation &,se to the fil_ fro_ the enccun_-ed

trapped radiation m_y exceed the t_rance _rel.

a) Total mission f_i!uro du_ to on_ -l_g_ or "_----"_

occurrence o# ab_t I0_ or Z_SSo

3) Pz_s_% 8_ta i_iicntes that _tlc_ ds_a to i_

by solar X-_m, solar wi_, an_ _y cosmic z_ i_ _t

s_caa_.
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N=teoric _cl_=

Dr. Z. Kopal (_eference i), has pointed out that the flux of inter-
planetary dust and ejects frc_ impacts of meteoric particles on the

lunar surface may constitute a si_nlflcant h_zard to exposed optical
surfaces on the ,Xmnar Orbiter. He _asea this opinion an two Hapers,

one by Hawkins, (Reference 2), and the second by Gault, Ehoemaker,

and Moore (Reference 3). Eawklns has presented a curve of l_-rticle
flux as a function of mass as shown in Figure 6.2-1. These _ta

indicate a fl_ in space of particles havi_ individ_ masse_

greater lo- ) of 1 x zo /m21 ec., or mo  ,..u cts
per sec. per am_. Gault, Shoe-_m_er, an_ _oo.e have Investigate_

the effects of hyperveloeity impacts of small particles into basalt

rock, and have studied the mass-size distribution of the ejects
and its angle and velocity of eJectlon. The primary objective
of this work _s to assess the flux of the ejects at the lunar

surface resulting from prL_ry impacts. A number of relationships

between the parameters of the primary projectile and the eJect_

were presented. Taey show that the flux of secondary Iron-tic!ms
at the surface of the moon z_y be in the range of _ orders of

magnitude greater than t_e _rlma_y fl_, but the flux decreases
_-Ith altitude above the surface to about 10-3 surface flux at the

nomlnal'IX) perilune of 46 km. The combined da_ from s_

sources has been used to obtain the mass-frequency plot _hich !_

shown as Figure 6.2-R. This plot better damonstrates current
knowle_e concerning this problem. Attention should be glva_ to

•the scales represented and the uncertainties in the (?_.ta..

FI_ of Part_cles lmpactin_ the

There are no direct measurments or observations of the flux of

particles impacting the l_ar _face or in the _e_diate

vicinity of the moon. _e only data available is from vlsu_l_

photogr_phic_ and radar observations of meteoric infalls in thin
Earth's atmosphere, b.t_h a!ti_ude rocket and sat___llte m_n_ur_uts_
and observations of zodiacal li@ht observations. Nane of thesa

techniques provide data over the entire r_-_e of partic!c ma_s
oc_zrrin_ as inte_lanctary debris, and since each mm.thoa is

dependent upon different parar_ter_, the results ar_ .d_p_d_nt

upon the correlation between the observed measurement an_ th_
mass of the particle. In so.he cases this correlation is _ot uell

established aud_ in .many cases, it is dependent upon an assume_

value for a i._rameter such as velocity.

Ots_vatlcnal _thed_

A!thou_h, as wi'__lbe sh_u later, _er_. is _ u_-ar _im!t of
ECIZ.?AI•_particle ma_s _Ich _ii be of concern im assessin_ the .... '_

to the LO missiau, the _thoa_ use¢l for ob_._-rvin_Im._ rma_ci_l_

_, .

L
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Visual" Observatloms

• . .:, "i"_ :"7.".:j-, ....... ,_ [:_ ,,,

Brown (Reference 4), has estimated the frequency of n_tearite

impact on the Rurt_'_ surface from the numbers of falls over
a period of a century in Japan, India and Western Europe. L_t,_ w .:...,

he found that his results had been influenced by the effect of "

popu/ntlon density on the probability of obsei_.atlon and recov_ry

and revised his esti_tes upward by a factor of 3.4 (Reference 5)-

Even where meteorites are recovered, data on the original size or

mass of the body cannot be precise because of ablation and bre_k-

up durln_ entry throu_ the atmosphere.

In the case of meteors where the particle does not reach the

• 'f::._o, _sual obser_t_o ns provide only liu-_ _? -- '"
/i_e _''b:-'_''_tv o _ _-'_'_'-_ "_'_" ....•.......

.or + 3 are seen (+ b i_ _.i___y considered the licit of visibility

of stars). Visual observation provides only an estin_te of ms_ai-

tude and velocity.

Radar ana rno_graphic Observation

B°th ra _dar and photozraphic observations of meteors have some

similarities in methods and techniques, in t._t both deteaunine

meteor characteristics in te._unsof mn_nitude or brilliance.

Photographic methods are dependent upon luminous efficiency,

in terms of visual o-" photographic light from the meteor, whlr_

is a function of mass, density, velocity, light inte__slty, tim_ _.

and a constant1" o which relates magnitude and mass (Reference _).

It is apparent _Juat to be photosraphcd, a particle _a_t converl

kinetic energy to heat and light, thus its velocity ._-_-tbe re-

_uced before it is detected. It is also apparent _that t_is

technique will not detect micro meteorites _ose velocity !_

attenuated'at a rate too low to cause light emission. _e rat ._.

of deceleration and penetration of t/_e atmosphere is _also depe.Tdent

upon the density of the _eteoric material. _Tnipp!e, (Referenc_ 6),
reports estimates of density ranginz from 0.05 gn/cm3 to near ±, "

vith a mean of 0.4 _u/cm _. These densities are _uch l_er than
that of stones and-irons _hich reach the Earth's surface° The

relatlonship between mass and n_gnitude _dopted by _'nlpple is

room i gm, for a zero ms43nitude visual meteor uith a verity of

30 ks/see, before it enters t/_e atmcsphereo An __ucrease of 1

ma_nitude corresponds to a decrease in particle mass of _.5-

_._acken and Dubin (Reference 7) have _dopted Vnlpples _ra/me of

m m 1 gm, but point out that Y_vlne (Reference 8) believes th_to

_e value should be reduced by a fac_r of IO to i00. Other _lt_

used have ranged from 0.05 to e5 g_ns. _wkius, (_ef_r___ce 2) used

a value of _._ _.

!NO.
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_qadar measurements of meteoritic influx are dependent upon rndar

reflection from the ionized gas produced by the passage of the

particle into the atmosphere. Durin_ deceleration, about 9_ of

the energy appears as heat, i% as light and perhaps less thsm _i
as ioni,.ation (Reference 9). A_ in the photographle moth@d,

radar observations nre in terms of ma_aitude, and a mss-_a_n_tu_e

relationship is required to obtain a mass-frequency distribution. :"

The relation is similar to the photographic and the radar and

visual _gni_udes are approximately equ_! (Reference 7)- The

relationship is not constant and is affected by ion_zatlon

characteristics in the ionosphere and other variables m2ntlon_d

for photographic methods. The ionlzatlon falls to zero for t le

very small meteorites, limiting this method to particles lar_ _-r
than about i0-_ gm..

Rocket and Satellite _asuremants

Distributions of interplanetary dust have been defined on the

basis of about lO,OO0 impacts on space vehicles. The microph_ne

detector, and piezoelectric crystals with photom_!tlpllars fo,"

detecting light flashes from impacts, and other_sensors have _een

used. l,lcCracken, Alexander, and Dubin (Reference 1O)_ det£TE.,hned

the mass distribution function for the range of !0 "O to !O "lD gm. i:_

uslug data free Explorer I, Vanzuard IiI and EA_lorer VII!. _n ii!_

avers_e velocity of 30 km/sec, was assumed to convert the measured !!

impact momentum to rass data. The direct mea_ement of IXu--tLcle

impacts from satellite and roche@ sensors have shown large

fluctuations in flux including daily variations often greater

than one or two orders of magnitude (Reference 11). Variations

of two orders of magnitude are attributed to dust shc_ers

associated with meteor streams.

Zodiacal Li_%

Photometric data on the zodical light and the solar corona h___

been analyzed a number of times in order to obtain Infozz_tio_

about the interplanetary matter (Reference 12). The results trcm

such studies are generally expressed in terms of the number _+--

of particles of a given radius at a certain distance fro_ the sun.

_ere is lack of agreement concerning the range of psa-tlcle s £za

that contributes most to the scattered light iu interp!smetar_

space. The radii favored by different observers vary from a

fraction of a mi_Liz, eter down to the radiation pressure llmit_

(_._/d). The comparison of special densities derived from di.-e_%

measurements and zodiacal LiGht studies !n,ilcates that t_he su:_.clal

density of dust particles near earth is about 103 times grea'£_

tb_n in Interplanetary space.

It is of interest to note that Bowen (R_f_nce 12), obse__d that

the rate of metecrs recorded by radar var!_-_dwith lunar ph_sa.
Brierley and D__:s (Reference 13), investlg_ted the jodr_!! _uk

data for Dece.mh_er!_5_ - Novamber 1955 and from Eo'_mber 1956 to
December 1958 and found a correlation which seemed to confirm

U_; 428a _,5._-0 _.V, r,J.@.4 • ,.
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Bow_a'S flndln_s. The physical mechar_sm is tmcertai_.

For the present purposes it will be assumed that the eur%_s of
flux are the best approxi_tlons of available data. Figure 6.2-2

pre_cnts the best available estimate of the flux of psrtlcles
•mpactlmZ the lunar surface. McCr_cken cud Dubln (Referenem '_)

believe that the data obtained by Soberman and Hemmenway

(Reference 14) from hi6h altitude rocket for the v_ry sma/l

particles (Venus Flytrap) is not appllc_ble for the vicinity .)f
the moon and that tb_e data by I_ (Reference 15), and E!sa:ser

(Reference 16) is more nearly correct. The uncerta_uty then, is

possibly two or three orders of magnitude in the case of part _les

havlm_ a ma__ >10-5 gm. and as much as 5 orders of magnitude for /
masses _ iO _m_ •

Effects of Y_acts

The hazard to a vehicle orbltln_ the moon f_om the impact of

particul_te matter arises from two sources: (I) the flux of

primary cosmic debris and (2) ejecta thrown out frem the moon

by iz:pa-cts of the priggery particles on the lunar surface. Thz
extent of the hazard from (1) is a function not only of the f Ltux,

_at also of the character and velocity of t/ue Impactln_ parti:le

and the time of exposure of critical surfaces to the flux. 1 1 the

case of (2) this flux maybe in additlen to (1), depending upon

position and orientation of the surfaces with respect to the

velocity vector of the particles. Gault, Shoemm/_er, and 5_or. _

(Reference 3) have indicated that the fltux of eJecta from the
lunar surface will be a fumctlon of the flux of Impactlng

particles. Their data is based upon experimental studies of _Jecta

result _ir_ fr_ the impact of s_ll projectiles on massive has zlt.

ProJectil_ velocities of about 6.5 i_/sec., were obtained _-?.d

results extrapolated to i_?act velocities of 15 and e8 km/sec o

The effects of hypervelocity impacts of small particles (<! _n_)

on the lurmm m_rface is a matter of conjecture because of the lack

of knowledge of the surface properties of the moon and of the

effects of impacts of average meteoric velocity, l:_ny teelnnl _ues

have been used to derive a concept of the lunar surface prope'tles.

The data seam to indicate a surface of fine dendroidal struct _re

on a layer of very low bulk density material ha_ng a depth cC

from ID am to several _eters (17, 18, 19). Experimer_ s on deoosi-

tlan of dust under high vacuum have shown that molec'_ular_ bon]Lu_

occurs and the surface layer will not be loose and fluffy but may

have a sintered ebma'acter. Exposure of _are rock is expected to

be unco_r-on al_hou6h ther_! measur_ents reveal anomo!ous cooli_

rates near some _large rayed craters (Tyche, Aristarahus) whlc_ m_y

be Indlc_tlvm of bare or _ covered rock.
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Direct expertmental studies of iiyperveloclty Lmpacts is limited in

application to l_uar studies, since impact velocities eq'aallnE

meteoric impact v_loclties have been achieved only _thiu the l_er

limits. 1.bst of the work has been done usi_E me_sl targets a_ th_s

is mot directly appllc_ble. Gaul_j et sl, have impacted basal _ am_

have also i_._pacted projectiles Im quartz m_ua. Gault, Helto_d_, .
and Z.bore (Reference 20), report recent observations that impacts •

into sand and pumice targets resilt in forms of eJec_ of com_lex

structure and form that are totally unlike the parent m_teria/.

They report that '_Jecta from pure quartz sand targets (43_ pc rosi_

contain lumpy, shagreen-textured aggregates of finely crushed

quartz grains bonded together with fuzed and pzrti-_l!y fuzed £._alns.

Glassy material ineludlm_ slender rods and fibers resembling s2_-

cents of l_alled taffy has also been observed. Fantastically

contorted _e_ztes _-Ith dendritic structure have been recovered

from pumice targets." Their observations indicate a progressi ce

change in the physical characteristics of the eJec_ _Ith imcr__as-

lu_ target porosity. McCracken and Dubin (Reference 7) point _ut

that reasons exist for believing that the effects of hypervelo=ity

impacts cn a surface of dendroidal structure would be eonslderibly

_different from those of impacts on metals, rock, sand, or _uet.

The major reason for this difference is the c_ressibility of the

material. The momen_am of the projectile would be absorbedln +.he

essentially inelastic medium. At hi_n velocities the i_roJeetlle

may fracture, but the fragments would be trapped in the com_r_._sible

porous matrix. Experimentally, very little, if zny, e_ecta re_-ults

from such an impact. For impacts in a dendroidal sturcture ths

projectile cam penetrate deep belo_ the surface and, _h!!e fra-.tur-

Ing, can disperse into the medium. If the projectile Imgacts a

solid material undmrlyimz the dendritic sturucture, it may tran the

eJeeta er l_er its velocity, dependin_ upon the thickness, of the"

overlying material, and the size sad vel_Ity of the proJectile_ .

Because of the tulcertainty redardln_ t_he nature of the lunar

surface, amy est _in_te of the flux of eJecta result!hE from'_rL ._y

Impa_ts is also extremely uncer_hu and the validity of am

of the resulting hazard should be considered very questionable.

6.2.3 _hteoroid Hazard to the Photodraphlc System

An attempt to use numbers in assesslr_z the possible damage to _._e

LO camera lens from !m_cts of particulate material is ex_-emeiy

difficult_ and it may be questianed _hether the re_ its are even

'_oal! park" answers. The startln_ point must be the cur-_ for

cumu/_tive mass distribution and, as pointed out by Dubin sad '

_Cr_cken (Reference 21), some sections of the appro'-_Lmate

cumulative =ass distribuhion curve are based on specttlatlon_

espec!sd_ly for particles with masses less than about !0 "l_ _m.

It is noted that the c_rve for near-Earth dust pa_-ticles "_-i_h_,,.-.sses

sma_J!er than about i0-_ gm. departs .markedly from the cons_t-mzss-

per-ms@ultude curves used to represent results frc_ meteor

observ_ti_.
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Prom Figure 6.2-2 It is _een that the flu_ of particles i gra._ or

larger is about I x 10 -14 per square meter per second. _ne hazard

of such _ particle i_pactin_ _he vehicle is thus low enough virtu_l-

lY6to _e ignored. The _ area of interest is approxL_ately 4
I0 k_ and extends for 1/3 the lunar circumference. _ithou_ c_. _

sldering t_e variation in velocity dne tO the elliptical orbit, the

vehicle will, t_en be over the area of interest about i/3 of the
time, or l x ID ° seconds per month, or 2'5 x 10 -1 sec. per squ_e

kilameter. The rate of impact of I Gram particles is shown to Lo-be9
I x iO-8/kn_/sec. Thls wo'ald indicate a probability of about

that the vehicle would be over any particular square kilometer at

the time of impact of a I Gram particle. It would seem that a l

gram meteoroid is an upper-llmlt of size that need be considcr_d_.

on the basis of frequency of occurrence, as stated by Kopal

(Reference i), from the standpoint of primary impacts Of eJectl

thrown out at high an_les and velocities,

The zinlzum particle mass which may be of concern may be approx_-

m_tel, if a few more assumptions are made. _.

If a pit of 0.5 radius is set as the lower limit of slze,whiC_ is

considered damaging to a lees, it will_ require excavation o_ a_out
5 x ID -2 gram. Gault, etal, have u_ed a value of !/8 x I0 Gm/er_

as the relation between izpact energy and ejected _ass for the small

projectile impacts. Formatiom of the above pit Will th__u r_aire

an impact energy of 4 x ID-3 erg. _ssuming a velocity of _0 _sec.

for the impactim@ particle, the required mass is

An extrapolation of InsUlin's data on Fi_ure 6.2-1 indicate a flux

of particles of mass lo-l> gm. or greater, of aboat 1 _ lO-1/m_/sa__

while Ha_kins' curve, Figure 6.2-2 indicates i x l_/m2/sec. _en

the LO _ehicle approaches the moon it is believed that eJec_ pro-

dnced by impacts of meteoric particles on the moan may appreciably

increase the impact l_uzard. _ne work by Gault_ et al_ has been used
to obtain insight to this problam altho_zh there may be much um-

Certainty concerning direct application of their findlr_s.

in order for an eJecta fra_zent from the lunar surface to consti_ute

a hazard to the LO, it must attain at least _he perilune altitud_ of

4_ ks. Using the plot of eJecta mass vs. maximum altitude Given by

Gault, etal, red__awn here as Figure 6.2-3, it is seen that the f_lux,_

of eJecta at _6 km would be 45 times the mass of primary partic!e_

Taere is no established relationship between the size of edecta

_rt!cles and their velocity and ejection angle. Thus there is no

basis for _ec_tlmatinG _at proportion of a size r_u_e _u_u the

ejected m_ss _ll reach cr exceed the perilune _lti_ade. It ham

bee= noted that the slze distribution of meteoric material l_rom " ::_,;
-_

as_rodal size on down aPproxln_tes the _ell known co_'u_i_ _ _i_

l_w derived from studies of rock crus _hin_ and grinding. Thi_

relation _as used by Gault, et al, to derive the size distributi_u
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within the ejected mass of impact cratering. It seems rcasonnble_

then_ to assume that the size distribution within the eJec_ flux

follows that of the primary particles. If this logic holds, _le

curve of Figure 6_2-2 may be used to indicate the total flux of :I

p_rticles by increasim_ the Indicated flux scale by a factor o_

about 50. This approximation was also Juggested by Kopal (Ref _cence

i). Similarly _he particle flux at other altitudes may be app:oxl-

mated according to a factor obtained from Figure 6.2-3.

From Figures 6.2-2 aug 6.2-3, the impacts which may occur on h_e

lens area at perilune altitude may be estimated within the bo_Ids

of the observed flux. This is shown in Figure 6.2-_. It should be

pointed out, howeverp that this curve is based upon the assump ]ion

of no _irectlonal effect. $ihce the vehicle is oriented in ime "tial

space over most of the orbit, the hit rate on the lens _-ill _ _ as

a result of its c_ing orientation with respect to its veloc:Lty

vector. At times when the lens is _oi_ting more naarly in the

direction of travel, the hit rate will be at_ hi_her rate tha_i

when the camera is pointing aw_y and the vehicle provides shlebding.

When a par_icle strikes the labs, it will produce a pit - if i_s

mass iS great enough, if its velocity is hi_ enot_ an_ if !;s

density is not too lov. By assumin_ a velocity averaging 30 k Llo-

meters per second, the pitting relationship 61yen by Gault_ et alw

and the flux rates shown, the rate of pitting of a lens may be

approximated _ithin the limits of the flux data. Tbls has be_u da_

as shown in Figure 6.2-5.

Since the data on flux rates is so uncertain, the possible rat._ of

pittin_ may be considered from a somewhat different s_tandpoint_

By assumln_ that the pitting follows the relationship between _:_s_

and velocity, the rate of plttLu@ as a _Auction of f_lu_x rate _y bm

computed. This is shown as Fi_u'e 6.2-6 where the followln_ i_
assumed:

Perilune flux is the space flux increased by the eJect_

factar K - 50

Impacting particle velocity is 30 km/soc.

_ss cxca-_ated by impact is 10 -9 gm. per erg

The pit is hemispb_rlcul

The lens is not ahiei_c_d

The flux is of partic!es with mass greater uham 10 -15

_ne effect of pittin_ on the optical charactcristlcs of ._ le_-_ :_

not .known quantitatively. Becaus_ of this, there is no re_abie

method of relatiug the curve of "impacts per day", Fi@u_e 6,2-_,

to degradation of resolution or picture quality.
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7.0

7.1

.

_7.i.i

_:_ Tec_lquea

_he principal sources of information for monitoring and calibr _t-

Ing the photo subsystem after the Lunar Orbiter has been lannclea

are pre-exposed film edge data, time track _ta, an_

data. The requirements for emd method of utilizing these d_ta
will be discussed below.

Pre-Exposed Fllm Edge _ta

The requirement for pre-exposed edge data arises frum the need

determine insofar as possible a calibration on the photo subs_s%_m

readout for resolution_ llnearity 2 exposure_ density stablllt_ an_ _

scale. Since the data is pre-exposed, it checks the film process-

ing_ readout and reconsZruction system, but not the camera itself.
There will be no absolute measure of the actual resolution acbleved

on the lunar surface since objects of accurately known size 8m_

spacing on the lunar surface are not zvallable. However, the _e-

exposed data will provide a Enown exposure of a known target 1o _ -[
compared with a calculated exposure of an ir_ccurately k'nOw_ _a_ge_:|.

the images of which will he processed_ read out and reconstructed "

in exactly the same manner. Variations in _ae readout and rec¢ n-_

struction process in flight may readily be compared with perf(rsmmce

achieved in testing on the ground.

Resolving Power Bar Charts

System resolution is expected to be such that one meter resolt:tiun

will be obtained on the lunar surface. For the photo _mbsyst_

parameters, this corresponds to appro_xdmately 76 lines/_m on _e

spacecraft film. Resolving power bar charts which bracket thls

resolution by a substantial margin are consequentlyrequlred. _e

proposed form_t_ Figure 7.1"l, will include three sets of bar_ and

spaces with pitches vary_ug from 32 to 160 lines/ram. On the _ound,

due to a magnification factor of 7.5 :l between ground and alr]_Tne

image size, the corresponding range of bar spacing is 4.3 - 2i°_

li_es/_mm,

Each set will consist of a low and a high contrast chart. 0m_e set

of bars will be transverse, one parallel and one 45 degrees to the

long dimension of the film. The high contrast resolv_ power test

targets will have in the 32 lines/ram frequency pattern z!ni_

density (light bars) no more than .05 above the first (lst) step ._
density of the density tablet. The maximumdenslty (dazk bars) _ill

be at least as great as that of the ninth (gth) step. _e Io_

contrast resolving power test _targets _ll have in the 32 !i_2s/mm

frequency pattern an apparent minimum exposure (light bars) e.i'_U_.

within _+ .05 in log exposure to that of the fifth (Sth) step. of th_

grey scale. The ap._ent ms_ximum exposure in this _attern _I! be i
0.30 + .05 in log exposure _eater _ the m_-_a_ exposure. A

microscope mounted on the quality evaluation viewer -__!l procaine th_ i
necessary, mag::Ification to conveniently _e these b_ charts, t

s_
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A supplementary resolving power bar chart covering the ._-an_e of

180 to 1400 llnes/mm is included in the format to be used in

measuring the quality of the pre-exposure edge printi_ equipmt_t.

Gray Scale

There is a requirement for a gray scale to provide d_t_ for

correction in exposure which may be necessary due to L_ck of

precise data on the albedo of the lunar surface or c_ha_ge in

lighting conditions. This scale provides a repeatable call-

bration of system performance during ground tests, prelaunch

checkout, during lunar approach prior to actual photozraphy a__i

during the active portion of the mission. The range of denmlty-

levels in the picture data may be as zuch as 0.3 to 1.8. A tea

step gray scale with approximately 0.15 change in log expostu-a

per step has been proposed by l<odak. _is will be pre-e:_oaad in

the edge data of the 70 mm film as shown in Figure 7.1-1. '_na

density of the second step in the gray scale will be equal to _he

background density vithin + 0.02. The background density

equal an equivalent readout density of 0.3 + 0.5.

Linearity Parks

A precisely spaced linearity _attern is required on the _l_ace¢ ."=-_ft

film to clalibrate the horizontal _linearity of the readout and

reconstruction subsystems. The precision of the limea_ity m_ker_

should be adequate to permit measurement of any non-!in_ariti_ s th:_t

would si_ificantly affect the Interpretaticn and use of the .__l

picture data. This is difficult to precisely specify since a

specific requirement for the dimensional accuracy of _c reco_ a_act_

ed photographs has not been set as a program requlrem_zt.

+_OOOO_
A linearity pattern of eight .0050 -.O_nO by .00_25 + .C_O!i _;ah

bars spaced .O]-125 + .00005 leading edge to leading e_se _rl_ be

provided for each framelet throughout the entlrm film !en_h_ _=_

_linearity pattern lines uill have a density not less _n 1.5. _-a_,.2

non- _!imearit!es of this _atterm on _he 70 mm film are bet_Jeen cn_

and two orders of magnitude smaller than the probable non- _li=_ari -

ties that will be introduced in the readout and recons_%q-actlo_ _.ib-

system.

A film quality evaluation viewer _ith traversing microscope u_ll

be used to measure the iimearity of the pattern on the 35 mm
reconstruction film.

)
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7.1.5

7.1.6

7.2

Recovery Test Pattern

A series of three bars Gf differenf ie_hs with their ic_

dimension _lon_ the dlrect_an of the elec_rohlc scan will %e

_sed in checking the low Iz_quem_y response Of the _ea_ou_ _u_l ..

reconstruction subsystems. =_h_ der_ity of the recovery te_ /_ i

IdentificaZion

The edge _ata must also include serial numbers _:n!ch will

positively identify each scan framelet so tha_ the frame to _,,ie.h
it belongs and its position in the frame are known. The rea:_:_-

merit is especially acute for cases in which noise or transmi_;iam

difficulties have made much of the si_nai return unintel!igib:a.

The proposed Kodak format would pro_de a tba-ee digit number for

each framelet which would permit unambiguous _er!ng fcr _ngm.r

9 dual frames. The numbers then repeat.

Reas sembly Reference

A pre-exposed reference llne is required to enable ac___a_

reassembly of the scanned framei_ts _ +,he reassembly printer, |

This dashed lime simply enables sensors in the reasse-mbly :_

printer to accurately position the _=..,._mm framelets in a verti_:al | :

direction as they are projected side by side on the 9 _2" wi_ i

reassembly film. The linearity pattern described above also serves

as the reassembly refer_uce llne. [

Time Traak

Rel_tive time information is requirea_ to help identify sequen_:e

and position of the photographic frames and to aid in establlshi_%;.

the restive position of points on the luns_- _2rface. Due to the

lack of precision in knowing position of _m s_acecraft in orhi_

and orientation of the camera, 0.1 second precision of the tiz_dmg

information _.iI be more them adequate.

In the proposed system, a _enty bit code is recorded het_zeen

each pair of high and low resolution frsmes _hich iud!_ates ti_

to the nearest C.1 second. The 20 digit code permits t___e reco_4-

in_ for a period of a9 hours before _jhe time code repeats. For

!uitial missions, currentl_ contempl_ted; _Jae film in the _-

craf_ will ell be exposed wi_tu this time intc_--_-l. T_ pcss!bl_

future missions, in which photography is t__ke_ over lo_er

interv_, there m_y be amities in the t_ Info__zatlon

recorded unless additional digits are added to the tlmir4_ cc,_.
I
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In addition to the data on system performance which may be

derived from the picture data and the pre-exp.osed ed6e data,

additional information on parameters in the photo subsystem

are required at the ground sites both for purposes of diagncsl _

operational problems and adjusting equipment performance and f

later interpretation of the photographic record. The teleme_r

list of the spacecraft Photo Subsystem design control speclfi-

cation, It2-100112, shown in Table 7.3-I, is still subject to

considerable change, but indicates the scope of the required

information°

TS_e telemetry display at the _!F site must provide the l_hoto

ground system operator with %_hose inst_-nanentation data "_lL!ch

are of immediate use to him in analyzing the type and de_._ee

of adjustment required to improve or correct the receivtd si_-_ u!

on a near real time basis. For example, it will be pos_lbl? t

command adjustments to the horizontal image size, the _e sc_ i

Sabe focus, the photo video gain and the horizontal centarlnE

in the spacecraft scanner, to adjust the camera expostu-e time,

or to shut down t_he camera or scanner readout equipment _utli

the cause of anomolcus operation has been die, nosed. Corres-

ponding instrumentat@on points from the list of Table Vo3-1

should be included i_ the telemetr-g data i__zediate!y availablm

to him. The form and location of the display to be available _o

the photo subsystem operator will be resolved in the detailed

design of the command control and performance teleme_y equipE _h

racks.
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